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More facilities seema major concern at the state parks (Boston six)
and the Lake Washington sites (Seattle two), and at the forner there
was sone clear desire for cleaner facilities as well. About 20
percent of the sanmple could nmake no suggestions. To an extent this
appears to be another clear effect of high quality. And note that

only 10 percent gave this response at Boston three sites---the in-

city beaches where 71 percent wanted some form of cleanup

To explore the determnants of these attitudes we crosstabul ated

incone with reasons for site choice in Boston and Seattle (Table Il

56 and I1.57) and with preferences for site inprovenent (Table II.58
and 11.59). Wen it cones to preferences for site choice, in both
cities convenience is given as a reason in about the sane percentage

of cases in all incone classes. (The percent-in the over $25,000 class
is abit less). This is interesting in view of the relationship between
distance traveled and income. The cleanliness or other characteristics
of the area is also advanced as a reason in about the same fraction of
cases at different inconme classes. This is unusual in view of differ-
ences in site use and preferences for site inprovenent---reported bel ow
Social/family reasons are a bit nore likely at |ower income |evels and
the assertion of random choice is nore coomon at hi gher incone |evels
(16 percent of those above $20,000 and 7 percent of those under $7,500
offered this reason in the Boston survey while 12 percent of those in
between these income levels did so).

When we explore preferences for site inprovenent, we find that

| ower incone classes are sonewhat nore likely to ask for cleanup than
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upper income groups (Table 11.58 and I1.59) and that conversely upper
income groups are nore likely to not have suggestions about how to
inmprove the site they are using. Having done anal agous crosstabul a-
tions for each of the Boston sites, and not found these difference,
(which we do not repoduce for reasons of brevity) it seems apparent

that these differences again are due to differences in site use.

Upper income individuals tend to use the "better" sites

Turning now to education and reasons for site choice, we find

in Boston (Table I1. 60) that convenience is again given as a reason

in about the same frequency for all educational groups (e.g. 48 percent
for high school degree or less 45 percent for those with college or

hi gher degrees and 46 percent for those with some other post secondary
education). Wen it comes to random choice we find 11 percent for high
school or less 8 percent at internediate education |evels and 15 percent
for college degree holders and above. Notice too that college students
seem very oriented to convenience while high school students are |ess SO
There is little pattern in presentation of cleanliness as a reason

al though the | owest education groups do tend to give this answer nore

t han hi gher degree recipients and a good deal nore than college and

hi gher degree students. Again, this is ironic given that these groups
tend to use poorer facilities. In Seattle the pattern is a bit different
(Table 11.61) and higher education |evel individuals do nore frequently
give cleanliness reasons for their choice of site. College and higher
degree graduates in Boston cities are nore likely to urge fewer people
and facilities (12 percent) than those with high school degrees or |ess

( 4 percent). College and higher degree recipients in both cities are
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al so somewhat less likely to say "don't know no inprovenent” than those
with high school degrees or less. Considering that upper inconme people
show the opposite pattern versus | ow i ncone people, there is apparently
and independent education effect.
1.4.4. Summary

This study leads to one mmjor conclusion. This conclusion is that
the distribution of the benefits of water pollution control will vary
significantly depending upon the particular pattern of cleanup and what
ki nds of associated recreation facilities are provided. CQur telephone
survey reveal ed that over the nmiddle-incone ranges, the willingness to
pay for environnental quality rises somewhat nore rapidly than incone.
Simlarly, our studies of nunicipal finance indicate that the state/loca
share of pollution control expenditures will be quite regressive inits
distributional inpact. Thus, the overall effect of the program on
various income classes, will depend significantly on the pattern of
recreation benefits it generates.

W conducted a large study of water-based recreation users in both
the Boston and Seattle metropolitan areas. This study showed that upper
i ncone and education users travel |onger distances on average and use
hi gher quality recreation sites. In particular, as a result, the |ower
i ncone and education users nore frequently conplain about the quality of
the sites they use. Furthernore, different incone and education cl asses
gi ve convenience as a reason for site choice in about the same frequency.
Together this all suggests that upper-incone and upper-educati on users

are in general willing and/or able to travel further to obtain higher
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quality recreation. Thus, if substantial recreation benefits are to be
provided to lower income users, facilities--even if only of noderate

quality--need to be provided at appropriately accessible "in-town"

| ocati ons.



Appendix 11.A

| ncone- Perception of Environnental Problens: Questionaire.




. A1

| ncone- Percepti on of Environnmental Problens: Questionaire.

(Enter respondent's sex into running ratio balance; if unbal anced,
request opposite sex by title and surnane.)

Hel | o. I"m (name of interviewer). W are doing a public opinion survey
to find out views on sone current public issues. Do you have tinme to
answer a few questions?

(I'f yes.) Thank you. Then we'll begin.
(If no.) Can | call again a a nore convenient tinme?
(I'f still no.) Ternminate interview. Describe on back.

1. In which three of the followi ng areas would you prefer the governnent to
pl ace greater effort?

A B C
Wl fare Educati on Housi ng
Educati on Heal t h Law & O der
Housi ng Envi r onnent Vel fare
Envi r onnent Law & Order Education
Heal t h Price control Heal t h
Price control Wrld Peace Envi r onnent
Wrld Peace Vel fare Worl d Peace
Law & Order Housi ng Price control

Now, there has been a lot of publicity during the |ast few years about
the environnent and pollution.

Wul d you please tell nme what you consider to be the nbst serious
envi ronnment al probl en?

3. Nowl'mgoing to read out to you a short list of other environnental
problems. 1'd like you to pick the two that you consider to be the
most serious: (omt respondent's "nost serious problem" if present):

A B C
air pollution aesthetics, ugliness trash, garbage
trash, garbage food additives noi se
noi se wat er pol | ution air pollution
aesthetics, wugliness trash, garbage food additives
wat er pol lution air pollution aesthetics, ugliness
pestici des pestici des wat er pollution
food additives noi se pesti ci des
ot her (specify) ot her (specify) ot her (specify)

It is certainly going to cost a lot to have a clean total environnent.

Who do you think should pay

(Record verbatim

(1f governnent--probe) |ocal state f eder al
Code: Gover nrent
Pol | uter

O her




10.

11.

12.

13.

14.

. A2

How shoul d they get the npney?

(record verbatim

Code: increased prices
gover nnent subsi di es
increased taxes
di vert expenditures
fine/tax polluters

\Whoever pays, sone of the cost will likely be passed along eventually
to the consumer or taxpayer.

Woul d you be willing to pay in order to have a cleaner, better total environnment?
Yes (go to g. 7) No (go to g. 8) d.k. (Probe, go to g. 7)

(I'f yes.) If taxes were to be raised to cover the costs of inproving the environnent,

how much a year would you be willing to pay in higher taxes?
less than $10 $10- $50 $50- $100__$100- $200 more than $200

(If no.) Why not?

If recreational facilities were to be expanded or inproved in the Boston area,
which of the following would you prefer to see?
More swi nming pool s
Mre skating rinks =~
Cleaning the Charles River so you can swimin it
More parks and playing fields
VWat ideas come to nmind when you think of water pollution? (Probes: \hat is it?
How woul d you describe it?)

(record verbatim

Do you think the Charles River is polluted?

yes (go to g. 12) no (go to g. 14) d.k. __ (go to qg. 14).

Do you think the Charles River ever will be cleaned up?

yes __ (go to g. 14) no (probe below) d.k. __ (goto g. 13)

(I'f no, probe for reasons)Political ___ Econoni cal Techni cal (go to qg. 14)
Human nature ____ other

Do you think the Charles River ever could be cleaned up?
yes __no__ dk _—_

How woul d you react to the follow ng statenent:
"l feel that my concern has very little influence on the anount of pollution
inthis area, and that such interest as | have doesn't do any good."

strongly agree
agree

i ndi fferent

di sagree
strongly disagree




15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

1. A3

Now, just a few questions about yourself to place our survey results
into 3 statistical perspective.

Woul d you please tell me how old you are? (Probe: Just indicate the range
into which you fit: 020 21- 20 31-40 41-50 51- 60 over

How many nenbers are there in your imrediate fanmily that are living
with you now? (Including respondent.)

oubhwrpER O

over

Woul d you please tell nme approxi mately what was your total family income
| ast year? (Probe: Just indicate the range into which it falls:)

under 3000
3-5000
5-10, 000
10- 15, 000

15- 20, 000

20- 25, 000
over

Wul d you please tell ne what is your occupation?

(record verbatin

And what was your highest |evel of education?
Code:  higher degree grade
col | ege degree

some post-secondary
hi gh school diploma
conpl eted grade schoo

Well, that's about all. Thank you very much for your tine and cooperation.
You have been nost hel pful. Goodbye

(Imedi ately after hanging up, record the follow ng):
Sex of respondent: Male Feral e

Town of residence

Date of interview  April , 1973
AM
Time of interview P.M

[ ntervi ewer:



Appendix 11.B

Recreation Survey Questionnaire
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RECREATI ON SURVEY QUESTI ONNAI RE

Location Ti e Dat e
How did you get here today? How many are in your group?
How often have you used this site this year? and | ast year?

Wy do you cone here?

What other recreation areas do you use?

What changes in this area would |l ead you to come here nore often?

Could you tell ne what town you live in?

What street do you live on? What is the closest cross street?

How far did you go in school ?

What |etter corresponds to your approximate family incone |ast year?
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[1l. The Distribution of the Local Governnent Share of Water Pollution
Control Costs: The Merrimack River

This study focuses on the distribution anong inconme cl asses
of water pollution abatement costs in the Merrinmack River Basin,
particularly those costs borne by l|ocal governnents. Local expendi -
tures on waste treatnent facilities often constitute a relatively
| arge share of the budget of those municipalities. The distributional
effects may be quite substantial.

After a brief review of some of the characteristics of the river
valley (Section I11.1), we try to develop a nodel to help us predict
inter-town variance in the level of water pollution abatement expendi-
tures (Section I11.2). This work was then used to help us to exam ne
statistically in Section I11.3 both the between-city and within-city

distribution of |ocal governnent expenditures.

I11.1. The Study Area

The Merrimack River Basin is located in southeastern New
Engl and, chiefly in New Hanpshire and the northeast corner of
Massachusetts (see Figure I111.1). It consists of the Merrimack
River and its three major tributaries, the Nashua, the North Branch
Nashua, and the Wnnepesaukee Rivers. The Basin is 134 niles |ong
and covers a land area of 5,000 square mles.

The Merrimack River Basin is primarily a manufacturing and
service area; by 1970, only 1.2% of the total Basin popul ati on was
still engaged in agriculture. Textiles, |eather goods, machinery,

paper and plastics domnate the area. The bulk of the industrial
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water pollution in the area is generated by six industries: pulp
and paper, textiles, wool scouring, plastics, food processing and
t anni ng.

The water quality along nost of the Merrinmack River and
its tributaries is suitable only for power, navigation, transportation
of sewage and wastes, and a linmited nunmber of industrial uses; the
full classification of the basin recently done by the Arny Corps
of Engineers is given in Table I11.1.

In response to the recent concern with the quality of the
environment, and to the new federal water pollution |egislation
a nunber of the nunicapalities in the Basin have begun to build
new waste treatment facilities. A list of the nmunicipalities in
our study area and their current and proposed treatnment facilities
is given in Table Il11.2. Two major regional facilities are planned
the Greater Lawence Sanitary District, and the Wnnesesaukee
Regional District.

The Merrimack River Basin consists of a nunber of mniddle-
i ncone towns. The nedian incone for each of the towns is given
in Table 111.3. Many of the towns are quite small, with limted
tax bases; thus, we would expect the distributional inmpact of the

hi gh expenditures required for sewage treatnment to be fairly large.

[, 2. Model s of Local Government Behavi or

Any nodel of the political decision process nust begin by

characterizing two basic dinensions of the political organization

under analysis: the notivations of the actors within that organization
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TABLE I11.1
PRESENT CONDI TI ON OF THE MERRI MACK
RI VER BASI N AREA

River Mle Ri ver Beach Present
From - To From To Condi tion
0- 11.80 Atlantic Ccean Rocks Village Bridge D&C
Haverhill, MA
11.80 - 21.85 Rocks Village Bridge Creek Brook D&U
Haverhill, MNA Haverhill, MA
21.85 - 28.99 Creek Brook Essex Co. Dam D&U
Haverhill, MA Law ence, MNA
28.99 - 33.03 Essex Co. Dam Fi sh Brook, D&U
Law ence, MA Andover, MNA
33.03 - 40.60 Fi sh Brook, Pawt ucket Dam D&U
Andover, MA Lowel I, MA
40.60 - 47.35 Pawt ucket Dam Tyngsborough Bri dge, D&U
Lowel I, MA Tyngsbor ough, MA
47.35 - 49.82 Tyngsbor ough Bri dge, New Hanpshire/ Mass. D&U
Tynsshbor ough, MA State Line
49.82 - 54.80 New Hanpshire/ Mass. Merrimack R (above C
State Line conf. of Nashua R)
54.80 - 68.05 Merrimack R (above CGCoffs Falls, C
conf. of Nashua R) Manchester, NH
68.05 - 73.14 CGCoffs Falls, Anpskeag Dam C
Manchester, NH Manchester, NH
73.14 -115.70 Anpskeag Dam Eastman Falls Dam C
Manchester, NH Franklin, NH (at conf.
wi th W nni pesaukee R.)
Cl assification Key
A.  Potentially acceptable for public water supply after disinfection.
B: Suitable for bathing, other recreational uses, agricultural uses; industrial

processes and cooling;

excellent fish and wildlife habitat; good aesthetic
val ue;

suitable for public water supply with appropriate treatnent.

C Suitable for fish and wildlife habitat;
processes and cooling.

recreational boating and industrial

D&U: Sui table for

certain

power,

navi gation and transportati on of sewage and waste and
i ndustri al

uses.
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Table 111.2: Current and Proposed Treatnment Facilities in the
Merrimack Vall ey

Ar ea Current Pr oposed Year of Fund Year of
Facilities Facilities Appropri ations Proj ect Conpl etion

A Lowel | - Law ence-
Haverhill Area:

1. Lawrence (1) None Secondary
(2) None | nterceptor &.SD
2. Met huen (1) None Part of GLSD
(2) None Part of G.SD
3. Andover Part None,
Part Secondary Part of G.SD
4. N Andover None Part of G.SD
5 Haverhill (1) None Secondary 1970 1973
(2) None | ntercept or 1970 1973
6. Goveland None Lie to Haverhill 1970 1971
7. Lowel | (1) None Secondary 1969 1973
(2) [ nterceptor 1972 1975
8. Billerica Secondary
and Cl2 | nterceptor 1968 1970
9. Chelnmsford None Secondary 1968 1973
Chel msf ord
Cent er None Secondary 1972 1975
10. Dracut None Secondary 1971 1974
11. Lewksbury
B. Fitchburg
1. Fitchburg None Secondary 1969 1973
2. Leoninster Secondary Secondary
3. Linenberg
4, \\estnminster

(continued)



(Table I11.2, Concluded)
Area Current
Facilities
C.  Nashua
1. Nashua (1) Part
Primry
(2) Part
Primry
2. Hudson None
3. Merrimck Secondary
D.  Concord-
Merri mack
1. Concord (N None
(9 None
2. Penbroke
3.  Bow
4. Hooksett Secondary
5. Manchester (1) None
(2) None
(3) None
6. Bedford
7. Goffstown
E. Wnni pesaukee

Area

Nort hfield
Franklin
Lilton
Sanbor nt on
Bel mont

Laconi a

None

I11-6

Proposed Year of Fund Year of
Facilities Appropriations Proj ect Conpletion
Primary &
[ nterceptor 1971 1974
Secondary 1973 1975
To Nashua 1971 1972
Interceptors 1970 1972
Primary, Secondary 1971 1973
Secondary 1973 1973
1970
Prinary 1972 1973
Secondary 1974 1975
Interceptors 1973 1975
Secondary 1970 1972



Table I11.3:

-7

Medi an I nconme of Towns in the Merrimack Basin
Town | ncome
Lawr ence $ 7367
Andover 12730
North Andover 10249
Met huen 9739
Haver hi | | 7631
G ovel and 11052
Fitchburg 7676
West mi nster 10250
Lunenberg 10316
Lowel | 7376
Dracut 10928
Tewksbury 11250
Chel nsford 13092
Billerica 10928
Leom nster 8985
Nashua 9301
Merri mack 11384
Concord 7589
Bow 7500
Hudson 10596
Penbr oke 8923
Hookset t 8683
Franklin 7523
Tilton 6843
Northfield 6800
Bel nont 7000
Laconi a 7696
Glford 10720
Meredith 8022
Sanbor nt on 8000
Manchest er 7500
Bedf ord 11677
Gof f st own 6626
Hi || shboro 7242
Hopki nt on 10802
Pl ynmout h 4470
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and the opportunity set within which those actors operate. In
this sense, the analysis of the state parallels nmuch of the work
done in econonmics on the theory of the firm

Past work on political organizations has relied upon one
of two netaphors as a description for the state: the adding machine
and the single nind. A set of notivations and opportunities are
inplicit in each of these two nodels. In this section, these two
basi ¢ metaphors of the state will be reviewed and extended; and the
motivations and opportunity set inplied by each defined. Then the
predictions yielded by each of the nodels as to what determ nes
inter-municipal variations in the level and financing of water

pol lution abatement programs will be considered

I11.2.1.  The Traditional Approaches

The view that the state may be treated as a sinple adding
machine has a long history. The netaphor is perhaps best associated
with the work of Buchanan,1 Buchanan and Tullock, 2and Downs. 3 |n
Buchanan's nodel, the state is individualistic, it acts strictly
as "a set of processes or machine which allows collective action
to take place." Moreover, the need for this collective action,
and therefore, the need for the state, arises only in the case of
"public" or indivisible goods, where benefits accrue to all citizens
wi thout direct individual purchase of the good. In such cases, there
is no way for the free market pricing systemto register preferences
It is here that Buchanan's state intervenes, and acts to sum up

all the utilities available fromthe production of the indivisible

good and thus determine the optimal output of that good



[11-9

The addi ng machine nodel is inplicit as well in nuch of the
nore basic theoretical work done on social welfare functions: Arrow,

Bergson, Sanuel son and ot her s3

all assume that governnment acts to
maxi m ze some function (here W which depends upon only the utilities
of the citizens in that comunity. The primary debate in this
literature concerns only the formof the function W that is, what
tallying nethod should be used by the state machine

Downs puts a hunman el ement into the theory by attributing
motivations to those who run the state, i.e., politicians. Downs'
politicians choose output of governmental goods in order to maxinmn ze
their vote getting ability. However, inasnuch as votes are derived
fromthe utility functions of voters, Downs' state too operates
to maxinze voter utility.

Wthin the context of the adding machi ne metaphor, the politica
science literature suggests two functional forms for the "socia
wel fare function;" that is, two possible tallying methods for the
machi ne

In the first nodel, best associated with Duncan Bl ack and |ater
wi th Davis and Hinich4, the politician maxinmzes a social welfare
function which depends upon yes/no variabl es which indicates whether
or not citizens approve of an action. MNathematically we can wite

this by saying the politician seeks to maxin ze
n
2.1 W= 3y v

where V, is a different nunber for each citizen. It equals 1 for
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each citizen who approves and zero for each who does not. Trying
to make the welfare function specified in 2.1 as large as possible
will not in general be equivalent to maxim zing the economst's
usual welfare function, since this fornmulation takes no account

of relative intensity of voters' preferences

The interest group nodel provides an alternative specification
still within the context of the adding machine netaphor. In this
formul ation, there are honbgeneous aggregates of voters, each cluster
of which cares only about sone specific aspects of a policy. Perhaps
the best application of this nodel to the political decision process
has been the work of Dorfman and Jacoby. 5 Dor f man and Jacoby exam ne
a hypothetical river valley. They attenpt to develop a mathematica
nodel to predict the level of expenditure that a postul ated regiona
conmi ssion would require each of the polluters in the Bow Vall ey
to make for pollution control. Three interest groups are represented
the two polluting towns and a canning industry. The commi ssion
nenbers then nmake a decision by making a weighted conparison of
the net costs of each alternative policy to each of these separate
i nterests.

The interest group nmodel, in sone inperfect fashion, introduces
intensity of preferences into the welfare function naxinm zed by the
politician. The linkage between preference intensity and influence
is clearly inmperfect. The power of a group clearly depends not only
on how rmuch nenbers care, but also on the opportunities available
to themto nmanifest these preferences. Keeping in mind this caveat,

we can approximate the interest group nodel as a maxim zation by
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local politicians of a function of the form

222 W = ) wU

where wis the weight attached by the politician to each group
and reflects the ability of that group to make its preferences
mani f est .

In both the individual and the interest group nodels described
above, the primary goal of the political actor nmay be viewed as
political popularity. There is, however, a second nmodel of the state
whi ch has received somewhat |ess attention in the economics literature.
In this nmodel, the politicians thensel ves have preferences which are
not sinply derivative fromthe voters' preferences. Governnental
deci sions then depend upon both voters' preferences and the inde-
pendent preferences of the political actor.

In analyzing the "organic" nodel of the political decision
process, it is useful to draw on the literature on the nmanageria
theories of the firm particularly the non-profit maxim zing nodels
of WIIlianmson, Baumpl and I\/arris.6

The domi nant characteristic shared by all of these nodels

is that they predicate that under certain conditions the firm my

act in response to notivations other than profits. The nore prom nent
notivations suggested are total revenue,rate of growth, manageria
prerequisites, and |aziness. Firnms can respond to one or another

of these alternative goals only insofar as the market in which



[11-12

they operate is less than perfectly conpetitive; where no nmarket
power exists, only a strict adherence to profit maxinization goals
will permit the firmto remain afloat. This points out the necessity
of identifying the opportunity set of the actor as well as his
mot i vations.

Consi der now the extent to which these alternative theories
of the firmmay be applicable to a nodel of the decision process
of government. In the nodel of the organic state, we posit instead
a politician who fornulates tax and expenditure policy in an attenpt
to maxim ze his own happi ness D subject to a constraint on getting
a reasonabl e nunmber of votes--like the profit constraints in "managerial"
firmmdels. This inplies the follow ng characterization of the
political process, where 0 depends on the character of public output
which we indicate by arbitrary variables a, b, c.
2.3 max. U = U (a,b,c)

subject to

;Viiz ]
Z U, > 2
i

where Z represents some "acceptable" level of political popularity,
perhaps the | evel at which the political actor just insures his
reel ection.

The analogy to the theory of the firmsuggests that the ability

of a manager to respond to other than profit notivations depends
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critically on the lack of conpetition in the political market place.

Thus, this nodel inplies that there is some truth in the oft-made
political observation that two-party politics inproves the representation
afforded a community's citizenry.

What notivations for the political decision maker? W are
concerned here with the nmotivations of the elected politician. Wile
the career bureaucrat has many of the sane incentives as the elected
official, he has sonewhat different opportunities and faces different
constraints. Since the elected official, especially in |ocal govern-
ment, has ultimate budgetary power, we can concentrate on him (her)

In general, we would expect politicians (nuch |ike other
peopl e) to behave in ways to maximze their own power, salary,
prerequisites, reputation and so on, all of which are closely associated
with the size of the governnent budget controlled by the politician. !
The anal ogi es between this nodel of governnent decision making and
WIlianson's managerial firm are clear. In both cases, decision
makers try to expand organi zational output in order to enhance
their own power, salary, etc

There are thus four plausible nodels of |ocal governnent
deci sion neking. Two addi ng machi ne-nodel s, one focused on interest
groups and one on pure denocracy. The organic nodel |ikew se has
two versions, depending on whether the politicians perceive
the potential process as pure or group in form In the next section
of this paper, we will investigate the operational differences

bet ween these four nodel specification in the deternination of the
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I evel and financing of water pollution control. Then we present some

empirical work which tries to distinguish among the four nodels.

[11.2.2 Inplications of the Mdels of Governnent Decisions

We can return now to the original question: Wat are the
determnants of the level and financing of |ocal government expenditures
on water pollution abatenent?

A great deal of enpirical work has been done trying to identify
the determinants of interstate variance in the level of per capita
government expenditures. In nost of this work, there is no explicit
characterization of the underlying decision process. The independent
variables identified are, in fact, appropriate to both the adding
machine and the organismc state npdels, to either interest group
or pure denpbcracy voting paradigns.

The earliest econometric work done in isolating the determ nants
of governnment expenditures was done by Fabricant in the early 1950'5.8
Fabricant, using 1942 data, explained 72%of the interstate variation
in per capita governnent expenditures by the use of three variabl es:
popul ation density, urbanization, and per capita median incone.

Hi gh per capita incomes increase both the demand for public services
and the supply of potential tax funds. Urbanization is simlarly
positive, albeit small: the price of supplying public goods as wel
as the taste for public versus private goods are sonewhat higher in
urban than in nore rural areas. Finally, Fabricant finds a negative

coefficient for population density, reflecting economes of scale
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in the production of public goods. Al three of these variables
i nfl uence governnent expenditures by helping to determnine either
the opportunities confronting the voter, or his utility function

A nunber of economi sts subsequently attenpted to inprove
Fabricant's R2 by introducing variables for education, previous
expenditures, representative tax systemyield or tax base, population
growh, and per capita federal expenditures in the area.9 Furt her
i nprovenents were nmade by changing the formof the equation from
linear to log form

The first four new variables introduced in these extensions
of Fabricant are reasonable. Education could be an indicator of
tastes. Previous expenditures also indicate something about tastes
in an area while sinultaneously identifying the existing tax burden
Tax base and popul ation growth both represent proxies for the supply
of new tax funds. Kurnow s use of per capita federal expenditures as
an independent variable, however, is specious. Kurnow used as his
dependent variable local + state + federal per capita expenditures
The use then of per capita federal expenditures, part of the dependent
variable, as an independent variable leads to a misestimte of the
rel ationship. It increases the R% without in any way increasing the
true predictive value of the equation.

Al of this work assunmes that |ocal governnents have reasonabl e
flexibility in expenditure policy. For sewage treatnment plant construction,
however, the real opportunity set of the decision maker is less clear-

cut. It may well be true that federal and state |egislation coupled
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with technical considerations (viz. waste |evel and flow, stream
type) conpletely determne the |evel of expenditures required for
wat er pol lution control Denographic and economic variables will be
irrelevant in this situation.

Furt hernore, previous econonetric work has concentrated on
the inter-area variance in the level of total expenditures. Hence,
in the long run higher expenditures are assunmed to induce higher
tax levels. In an analysis of a specific expenditure category,
however, this |inkage can no |onger be assumed. Local governments
can generate the requisite pollution expenditure by reducing other
expenditures as well as by raising taxes. Thus the determ nants of
differences in the financing schemes used by various towns is of
great interest, particularly for any incidence anal ysis.

Assume first that |ocal governments control both the l[evel and
the financing of sewage treatnent plant expenditures; subsequently,
we will consider a nodel of constrained decision nmaking in which
only financing decisions are endogenous. W will discuss first the
subset of variables which can be expected to enter into regressions
predicated on all of the nmodels. Then we will consider those variables
unique to each of the alternative theories of the state.

Four separate sets of explanatory variables seemto account
for intermunicipality variance in the level of per capita |ocal govern-
ment expenditures on water pollution abatenent: (1) demand vari abl es,
(2) supply of funds variables, (3) technical constraints, and (4) a

set of proxies for public sector distribution. Wile these variables
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seemto be relevant to any decision nodel, the formin which sone of
these terns enter the regression are nodel specific.

Six separate variables are used to neasure intermunicipality
variance in the denmand for sewage treatnment facilities: nedian famly
income (+), urbanization (+), education (+), population density &;L,
proximty to the polluted river (+), and a proxinmity to the river,
property ownership interaction variable (+). Al six variables
can be expected to affect citizens' wutility functions and therefore
their votes. The first four are standard ternms, whose use can be
justified on the grounds reviewed previously. In addition, proximty
of an area to the river affects the potential recreational and aesthetic

benefits to be culled fromany clean up. A riverside town should

therefore, ceteris paribus, spend nore on pollution abatenent. The

proximty-property interaction termis discussed at |ength bel ow.

Al though the nodel devel oped here posits some discretion
by | ocal decision makers on the |evel of governnent expenditures on
sewage treatnent facilities, technical paranmeters are neverthel ess
important. Two towns with equal commitnents to clean water may
wel | have different expenditure levels as a result of differences
in the initial pollution problem In short, we require a proxy
for inter-town variations with cost of cleanup. Average per capita
waste flow (both household and industrial) is used here to pick up
this factor.

The supply of funds available, or the fiscal strength of a

town, represents an additional expected input into the |evel-of-expendi-
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ture decision. Two proxies seemto be suitable for use here

the percentage of sewage treatment costs that towns anticipate that
the federal and state governments will contribute, and the current
year's effective tax rate divided by nedian fanmly income of the town.
This latter variable unfortunately captures two opposing effects.
First, the current tax rate reflects a town's ability to pay for new
projects. On the other hand, a high current tax rate nay al so reflect
the relatively high willingness to pay for public projects of the
town. Gven the presence in the equation of other strong demand,

or willingness to pay, variables, the extent to which the tax rate
termwill pick up this latter effect will be mninized.

Finally, the baseline distribution of public services and
taxes is an inportant determinant of the |evel of new expenditures
chosen by the government for water pollution abatement. The differences
between interest group and purely denpcratic voting nodels are
captured in the treatment of this subset of terns.

In both the private sector and the public sector, we suppose
that ultimately people choose goods on the basis of a comparison of
the price of goods and the value to them of those goods. However,
unlike the private sector, the prices of public goods are not well
known.  \WWhen citizens vote to spend a given anmount of a new sewage
treatnent facility, they face sonme probability distribution of "costs"
to themselves. \What they ultimately pay depends upon which alternative

financing scheme is used by the nunicipality. For a childless and
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social ly unconscious voter, educational expenditures have no val ue
However, as a property owner he is hurt by increases in the property
tax. Cearly if the sewage treatment plant under consideration has
some utility for him his vote on the issue of total nunicipal funds
to be allocated to the project will depend upon whether he anticipates
fundi ng through cutbacks on education or through tax increases.

In fact, local nunicipalities have two basic options in financing
new projects: increasing government revenue or cutting back other
expenditures (substitution). There are, in turn, six revenue sources
available to local governments: the property tax, the corporation and
income tax, licenses and permits, fines and forfeits, grants and gifts,
and comercial revenue. O these the corporation and inconme tax
and grants and gifts are effectively beyond the control of the |ocal
deci sion makers. On the other hand, licenses and pernits, and fines
and forfeits, while manipulable generally each conprise less than 1%
of the typical local budget. Comrercial revenue is controllable and
relatively large. However, in general, it is used by governnent
strictly to cover direct costs of the local service offered. It
does not serve as a nore general revenue raising venture. On the
revenue side, then, the typical municipality can raise new revenue
only by increasing the property tax rate.

Consider first the one man/one vote nodel. |f the benefits of
the new program do not tend to go to those who woul d suffer the | osses
of expenditure cutbacks, support for a new program will be |ower.
However, if the cutback services are only enjoyed by a few-support

for the new project will be higher. Al of those people who do not
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ri sk having to give up the benefits of alternative expenditures,
will clearly vote for the project. People, in sum wll consune
more of a public good if they thenselves do not have to pay

for it.

G ven the inportance of the property tax in the |ocal budget,
it is reasonable to use the ratio of property owners to total popu-
lation as a proxy for the distribution of taxes. In doing so we are
assum ng that property owners react nore strongly to tax increases
than renters--even if the latter wind up "bearing" the tax via rent
| evel changes in the |ong run, 10

The role of the property tax in the decision process is

particularly interesting. In the present analysis, it appears twice. This

illustrates the dual effect of a pollution abatenent facility on property

owners.  First, owning property increases the anticipated price of the new
project to the voter. However, the new sewage treatnent project also influences
property values. The extent of this effect depending on the proximty
of the property to the to-be-cleaned-up river. An interaction variable
of property tax payments and cl oseness to the river is introduced
to capture this effect.
This relationship between benefits and costs helps to deternine
the effect of the property distribution on the |evel of sewage
expenditures in a town. Consider a typical property owner: he may
have children and thus care about the l|evel of |ocal educationa
expenditures, and so on. However, these effects are not systematically

related to property ownership. In general, the other economc and
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denographic terns should pick up the property owner's non-property
related preferences, while his property-related ones are reflected

in these other variables. As a property owner his vote will depend

upon the expected increase in the market value of his property resulting
fromthe new sewage treatnment plant construction wei ghed agai nst the
expected property tax increase.

In a one nan/one vote nobdel, the politician chooses a |evel of
expendi tures by conparing the nunber of people for whom Benefits is
greater than expected costs against the nunber for whom Benefits is |ess
than expected costs. In an interest group nodel, on the other hand, the
politician is concerned with not only the nunber of wi nners and | osers,
but also with how nmuch nenbers of various groups are effected.

In general, the anmount of property owned will not change how
and individual votes, and therefore it is irrelevant to the expenditure

decision of the politician in the pure denocracy nodel. 1

In this
case, only the fact of property ownership and not the quantity of
property owned is relevant. On the other hand, the intensity of a
voter's preferences on expenditure levels will depend on the market
val ue of the property he owns. Hence, such values are critical to
and interest group fornmulation of the voting process. Thus, one

way to operationally differentiate between the interest group and
purely denocratic nodels is to include the narket value of property
in a regression based on the forner and exclude it fromthe latter
The extent to which the narket value termis significant should give

us sone idea as to the explanatory power of each of the two

formul ations.
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The role of industrial property also differs dependi ng upon
whet her interest groups or pure denocracy is the voting rule. In
an analysis predicated on the interest group nodel, the nmarket val ue
of industrial property is critical; industry forns a basic interest
group and the effect of nmunicipal budgetary policy on profits is one
of the foundations of its vote. [Industrial property can be treated
somewhat differently than the residential property discussed above
G ven that much industrial land is unattractive for residential purposes,
its value is not likely to be changed much by cleaner water, Hence
for industry there are not such clear benefits associated with new
sewage treatnent facilities. On the other hand, since industry does
pay property taxes, the loss from such new expenditures is likely to
be considerable. Thus in an interest group nodel, to the extent that
industries forma viable, active group, the value of industria
property in an area is likely to decrease the expenditures nade
on water pollution control in an area

On the other hand, the value of industrial property is irrelevant
to the level of expenditures selected under rules of pure denocracy.
If the controllers of the industrial property are not residents
of the area, they have no vote; if they are voters, then following
the analysis of residential peoperty, only the fact of their ownership
and not the magnitude of the property owned counts

The economi ¢ and denographic variables identified thus far
are relevant to both the adding machine and the organic state theories.
In the adding machine nodel, these variables constitute the core of

expenditure determnation. In the alternative nodel, these variables
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act as a constraint on the growh maxim zing behavior of the politica
actor. One way then to differentiate between the two nodels is to find

a proxy to neasure the effectiveness of the voting constraint in the
latter. In economic theory, the extent to which the firmis constrained
to maximze profits is captured by the economic narket power of that

firm By analogy, the inportance of the voting constraint on government
behavior in the organismc political nodel can be sunmarized by a political

"market power" term

The first use of sone notion of political conpetition in budget
anal ysis was nmade by John Fenton.12 Fenton, in a study of interstate
budgetary variation, suggested that two-party conpetition increased
the attention paid by the governnent to the poor. Fenton's indices
were |ater adopted by Fisher in his nore general expenditure determination

rmdel.13

In Fisher's regression, the level of political conpetition
decreses the level of expenditures in an area. This result is consistent
with the growth maxim zing anal ysis above, although Fisher hinself
| eaves the underlying decision nodel of governnment in his work unspeci-
fied.

To the extent that politicians try to expand the public
sector and not maxinize votes, we would expect the level of politica
conpetition to be inversely related to the |evel of new expenditures
made. |f

, on the other hand, the true voting nodel is Buchanan's

addi ng machine state, then the political conpetition |evel should be

insignificant.
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[11.3. Enpirical Analysis

In this section, we will test four nodels of the determnation
of the level of expenditures nmade by |ocal governments on water
pol lution control: adding machi ne-pure denocracy, addi ng nachi ne-
interest groups, organic state-pure denpcracy, organic state-interest
groups. The distinction between interest group and pure denocracy
will be made by the inclusion in the forner regression of variables
for the magnitude of residential and industrial property in an area;
the organic and addi ng machine states will be differentiated by the

inclusion of a political conpetition variable in the regression based

on the fornmer nodel.

I11.3.1 The Data Base

Water pollution control facilities are financed by federal
state and local governments. The first task then is to allocate
costs anong these three levels of government. Two pieces of federa
legislation were relevant for this work. The Federal \Water Pollution
Control Act of 1956, as anended, forned the basis of the allocation
of historical costs. The Federal Water Pollution Control Law of 1972
was used to predict patterns of allocation for future projects.

Under Section 8 of the anended 1956 statute, the Federa
governnent agreed to pay between 30% and 50% of the total construction
costs of sewage treatnent plants; the federal share guaranteed under
this act varied according to the state's willingness to contribute

to the project. 14 Under Section 202 of the new Bill, the federa
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share is somewhat larger: up to 75% of construction costs are now
paid for by the federal government. A need forrmula is used to deternine
the precise share

State contributions to costs of construction also vary:
New Hampshire, for exanple, contributed 20% of the financing charges
of bonds floated by nunicipalities to finance construciton of facilities.
Massachusetts provides no conparable aid in absorbing finance charges,
but is somewhat nore generous than New Hanpshire in providing initia
funds.

All operating and mai ntenance costs of sewage treatnent plants
are borne by local municipalities.

The total capital costs of construction of new treatment plants
budgeted by our towns in the present period is given in Table IIl. 4.
For nost of the towns in the study area, no previous expenditures
on treatment plants were made. For those towns which did have
previous expenditures, we added the present val ue of those forner

expenditures to the current allocated costs.

I11.3.2 Econonetric Evidence

In this section, we test four mobdels of the determination of
the | evel of expenditures made by | ocal governnents on water pollution
abatement. The dependent variable in our regressions is the per capita
costs rather than an annual anortization figures because we believe
that these capital costs constitute the initial decision variable,

whereas anortization costs sinply represent the budgetary result of
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Table 111.4

Capital Costs of Sewage Treatnent Plant Construction

The Merrinmack Basin

Town Level of Expenditures
Law ence $4768000
Andover 640000
Nort h Andover 624000
Met huen 1963000
Haver hi | | 2880000
G ovel and 320000
Fi tchburg 6440000
West m nst er 212000
Lunenber g 1274000
Lowel | 2818000
Dr acut 552500
Tewksbury 681500
Chel nsford 948000
Billerica 2%22%88
Leom nster

Nashua 2100480
Mer ri mack 242333
Concord 1537961
BOW 127039
Hudson 144000
Penmboke 109000
Hookset t 388888
Frankl i n 329990
Tilton 116730
Nort hfield 99180
Bel nont 112756
Laconi a 673724
Glford 145707
Meredith 131468
Sanbor nt on 46195
Manchest er 1535040
Bedf or d 104220
CGof f st own 275942
H | | sbor ough 375000
Hopki nt on 380000
o 15008
ar ner 625000

Henni ker

370000
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that decision. The use of a per capita termreflects our concern
with costs to individuals (rather than towns) of |ocal governnent
prograns.

The nodel s tested are given bel ow

1. Addi ng Machi ne-Pure Denocracy

X = BO+BlY + BZE + B3D + B4N + BSV + BGS + B7G + BST + Bgc

2. Adding Machine-Interest G oups

X = BO + BlY + BZE + B3D + B4N + 85V + BGS + B7G + BST + BgC + BlO‘] + BllMS

3. Oganic-Pure Denocracy
S = B0 + BlY+ BZE+ B3D+B4N+ BSV+ BGS+ B7G+ 88T+ Bgc

+ BlOPCl

4. Oganic-Interest G oups
X = B0 + BlY+ BZE+ B3D+ B4N+ BSV+ BGS+ B7G+ B8T+ 89C

+ BlOJ + BllNIS + BlZP(l

wher e:

X = per capita level of expenditures on sewage treatnent
Y = medi an income

E = nmedi an nunber of years of school conpleted

D = popul ation density in the town

N =river mles + total town area
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\% = N + property distribution
= per capita waste dischard (rmunicipal + industrial)
G = percentage of total costs provided by federal and state
gover nment
T = previous year's tax rate divided by nedian incone
C = nunber of honeowners/ popul ation
M S = percentage of accessed tax base in residential property
J = medi an val ue of hone divided by nedian fmaily income
POL = actual turnover of town administration, divided by possible

turnover

For the nost part, the variables defined above follow directly
from the previous analysis. However, C J, MS and POL require sone
addi tional discussion

W suggested above that property ownership was an inportant
factor in shaping voter preferences about optinmal government expenditure
levels. W also indicated that there were two dimensions of property
owner ship which should be considered. First, for a one man/one vote
case, only the fact of ownership and not the nore el usive magnitude
of property owned is relevant to the vote

To reflect this, we use variable C. There are three groups of
property holders in a typical town: honme owners, |andlords and business
property holders. There is no data available which can tell us the
nunber of |andl ords and business--property holders relative to the
total population of a town. However, we do have data on the relative
nunber of home owners. We assune that |andlords and businessmen

are either (1) not voting residents in a town, and thus excl uded
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from the base population; or (2) voting residents who also own their
own hones, and thus included already in the home-ownership data. In
that case, we can use hone ownership data by itself to reflect

property ownership in a town. Followi ng this reasoning, we have

set C equal to the number of honme owners in a town divided by the tota
population in that towmn. As C increases, the nore inportant we would
expect property-related factors to becone in establishing the town
budget .

The variables J and MS are both designed to capture the intensity
of preferences of property owners, and thus are included only in the
interest group regressions. The usual approach is to use the percentage
of residential property in a tow to reflect interest group concerns.
This assumes that as the percentage of residential property in a town
decreases, the proportion of any property tax increase generated by
shifts in governnent expenditures which will be absorbed by voting
residents also decreases. Thus, the |ower the percentage of residential
property in an area, the smaller will be the costs of governnent
expansion to voters. Residential property in this formulation
consi sts of both home owned property and rented property.

In contrast, in this study, we exclude renters fromthe property
interest group. MS is equal instead to the percentage of the tota
value in a town which consists of owned hones. Participating in an
interest group involves certain costs: in particular, there is the
cost of information (viz. what group do | belong to?) and the costs
of participation. Only if the expected loss froman adverse vote is

greater than the sumof these two costs, will voters forma viable
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interest group. W would argue that (1) cost of information is higher
to the renter than to the owner, given the nore indirect nature of
the effect of a tax increase on rents, and (2) expected |osses from
tax increases are smaller to the renter than to the owner. The latter
effect is attributable to the fact that it is only in the long run
that renters pay the tax increase. The long run here being the tine
it takes the stock of rental housing to reach the new equil birium
level. This may be quite long indeed. Thus we have decided to exclude
renters fromthe MS variable on the grounds that their expected
interest group participation is considerably |ower than that of home
owner s

J, the second interest group variable, is equal to the nedian
hone value in a town divided by the nedian income of fanmilies in that
town. This termis designed to reflect the inportance of property
values in the total wealth of individuals. Thus, the higher are
MS and J, the nore intense we would expect the preferences of
property owners to be

The organic and addi ng machine nodel s of the state are distinguished
by the inclusion in the fornmer nodel of some variable reflecting the
| evel of political rivalry in a town. Political conpetition in an
area is a very conplex notion, and the proxy used in this study is
a rough one at best. In this study, political conpetition was measured
by the ratio of actual turnover in elected officials of a town to

the possible turnover. Thus, if a town nayor serves a two year term

t he maxi mum mayoral turnover in that town for a decade is equal to five. The PQL
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termin our regressions thus varies fromzero to one, wth higher
val ues signifying nore conpetition. Admittedly, this variable does
not differentiate between towns in which an incunbent wins an el ection
unopposed and one in which he wins only after a hard battle with some
political challenger, even though the inplicit conpetition in the
two cases is quite different.

Usi ng econonetric evidence to differentiate anong the four
nmodel s posed in Section 2 is a very difficult task. The nodels
are all quite conplex, and the sanple size in this study is not l|arge
Thus, | believe the real test of the validity of each of the nodels
is to be found in their internal consistency, and the extent to which
they are consistent with out experience in the real world. Nevertheless,
sonme information is provided by the regression results presented bel ow

W first estimated our four equations by the unwei ghted ordinary | east
squares method(see Table [11.5). An examination of a plot of the residuals
fromequations 1 through 4 suggested that our error terns were heteroskedastic.
That is, the variance in our errors was proportional to the popul ati on of
the towns under study. In order to correct for this, we used the standard
approach of weighted regression, weighing the observations by the square
root of population. The results of this weighted ordinary |east squares
procedure are given in equations la through 4a in Table II11.6 bel ow

The fairly |ow R2 terms are to be expected. Federal |egislation

and indivisibilities in the production of sewage treatment limt the
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ability of local governments to adjust expenditures to intermunicipality
differences in preferences. Gven the caveats on the small sanple

size and the difficulty in measuring sone of our variables, we can
neverthel ess extract some information fromthe regressions.

First of all, the inclusion of interest group variables
in the regression does inprove its predictive ability. The corrected
R? i ncreases, when we included these variables in the regression
Political competition simlarly inproves the R? somewhat .

Consi der now the effect of each of the individual terns on the
| evel of per capita expenditures on water pollution abatement in
an area.

Popul ation density is negative and fairly significant in al
four of the equaitons. This result is consistent with the hypothesis
that econonmies to scale exist in the provision of certain public
goods.

W have two neasures of benefits of water pollution abatenent
in our regressions, Nand V. N, the river mles in a town divided
by the total area in that town, is intended to reflect the gross
aesthetic, recreational and |and value benefits potentially available
to town residents from water pollution abatenent. In the regressions,
Nis positive (the right sign ) but insignificant. V is equal to
N di vided by our property ownership variable and is intended to reflect
the net benefits associated with pollution abatement. \Wen river niles

relative to town acreage is high and property ownership low, voters
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stand to benefit (recreationally and aesthetically) wthout paying
very much. Conversely, when Nis |low and property ownership

high, voters tend to pay a great deal w thout reaping very high
rewards (aesthetically, recreationally or in land value increases).
In the regressions Vis both of the right sign (positive) and signi-
ficant at the 10% level. This is a very interesting result. It
suggests that voters consider both the costs and benefits associ ated
with water pollution abatenent in making choices. Mreover, their
preferences, to some extent, do seemto be registered in public
deci si ons.

The property tax distribution variable Cis simlarly positive
and significant. This result is at variance with nuch of the other
work done 'on the detrminants of general expenditure levels in a town,
whi ch has found that the higher the proportion of a town's popul ation
whi ch owns property the |ower expenditures will be. This sign difference
is a function of the interdependence of the benefits and costs associ ated
with water pollution abatenent alluded to above. In the previous
econonetric work in this field, the dependent variable is defined
so that while the costs of expenditures to voters are a direct function
of property ownership, benefits did not depend on such ownership
This is not true in the case of water pollution abatenment expenditures.
Here both the benefits and costs vary with property ownership.

Thus, the positive sign for Cis not surprising, and suggests
that voters at |east believe that benefits from sewage treatnent

facilities will outweigh any coincident property tax increases.
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Furthernore, given the other work reported on in Section Il, this
variable nay be reflected in part in differences in tastes and attitudes
anong towns.

While the political conpetition variable in the regressions
is not highly significant, it is of the right sign (negative).
G ven the crudeness of the variable, this is about all we could
expect. The results do suggest that in towns where politica
conpetition is fierce, there is some tendency for sewage treatnment
expenditures to be |owered

Perhaps the nost interesting result of our regressions from
the point of view of the incidence of pollution abatenent costs is
that the coefficient of Y, inconme, is not significantly different
fromzero. Part of this is the result of the collinearity between
i ncone and the other variables in the equation. As regression 5
shows (see Table II1.7), slightly over 81% of the variance in incone
bet ween towns can be explained by the other ternms in the regressions.
Neverthel ess, this work does suggest that incone, given the other
variables, is not highly associated with internmunicipality variance
in water pollution abatenent expenditures

Four basic conclusions arise fromthis analysis of per capita
pol lution abatenent expenditures:

1. In general, voters appear to respond to their perceptions
of net rather than gross benefits of pollution abatenent.

2. Towns are not absolutely constrained to some |evel of
expendi tures on sewage treatnment facilities, and can respond in sone

way to internunicipality variance in the demand for prograns.
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Table 111.7

Income as a Function of the Qher
Variabl es in the Expenditure Equation

y = -29240 +  3166E  + .097D  + 852N
(6510) (543. 2) (. 1661) (2198)

- 1079V +  848250S - 14.5G
(1482) (676600) (13.58)

- 281950T + 2858C - 639.8] +  12.68MS
(69800) (2007) (479.0) (5. 426)

Corrected R2 = .81
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3. Both interest group pressure and political conpetition
in an area help to explain per capita expenditure levels. The test
is, of course, not a definitive test anong the alternative nodels
posed above. However, it does suggest that we should consider alternative
theories of the state nore seriously.
4, Finally, the nmedian income level in atown is not closely

associ ated to the waste treatnment expenditures of that town.

[11.3.3 Distribution of Government Costs of Water Poll ution Abatenent
anong | ncone C asses

In order to determnmine the incidence of water pollution control
expenditures anong incone classes, we must estimte not only the
absolute level of those expenditures but also the way in which expendi-
tures are to be financed

As discussed earlier, local governnments can increase the property
tax or they can reduce other expenditures. If the total expenditure
is to be financed via a property tax increase, then net incidence
can be found by conparing the distribution of property taxes anong
i ncone classes with the distribution of water pollution abatenent
benefits. [f, on the other hand, the new expenditure is made at
the expense of some old expenditure, then incidence depends on the
distribution of benefits fromthe now foregone expenditure.

Strictly speaking, it is inappropriate to sinply |look at what
happens to town budgets once we introduce the new pollution abatenent
expendi tures. Instead, we should conpare the after-the-pollution-

expendi ture budget with what we believe the budget woul d have been
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Wi t hout the pollution expenditures. In more technical ternms, our
primary concern should be with differential rather than specific
incidence.14
In the absence of a reliable crystal ball, we are forced
to estimate differential incidence by making a set of assunptions
about what public goods woul d have been provided wi thout the pollution
expenditure. W can then conpare this estimted public budget with
the actual budget to determ ne the source of pollution abatenent
funds. The conclusions which result thus clearly depend heavily on
the choice of assunptions. Hence, here we make two distinct assunptions
in order to illumnate the range of possibilities.
In nost of the towns in New England, school expenditures
are deci ded separately from other town expenditures, and presented
to the town officials as a given. In this study, then, we will not
treat educational expenditures as a possible source of new pollution
abatenent funds. Instead, we will assume they are exogenous to the
budgeting decision
To provide the estimates we require, it is necessary to forecast
what woul d have happened to town expenditures without the pollution
control program To do this we will use sinple projection techniques.
If actual spending for non-school, non-pollution control itens is
above this forecast, then we will assune that expenditures are not
being curtailed but instead that pollution control is being property-tax
financed. If actual spending is less than the forecast, we wll

concl ude that spending cuts have been nade.
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This process gives us an estimate of the extent to which
a town relies on taxes or expenditure substitutions to finance sewage
treatment; we can then use these estimates in conjunction with
the previous work on tax and expenditure incidence to allocate pollution
abatenent costs anong inconme classes.

In developing this incidence analysis work, we used data from
two large towns in the Basin area: Nashua, New Hanpshire and Leoninster,
Massachusetts. Both towns financed new water pollution treatnent
facilities in the 1960's, and thus we have budget data avail able
for both the pre and post pollution expenditure periods

In Table I11.8 we present the actual and expected growh paths
of the two towns under consideration, and use the differences in
these two paths to allocate pollution expenditure between the two
financing nodes. The expected growth paths were derived under two
alternative assunptions. Assunption 1, the conservative path, posits
a yearly growh in the relevant category equal to the average annua
growth rate in the years prior to the pollution expenditure (1960
for Nashua, 1964 for Leonminster). This gives us a growh rate of
6.25% in Nashua and 6.4% in Leonminster. Assunption 2, the libera
path, posits a growh rate equal to the weighted average of the
growth rates in the years prior to the pollution expenditure, where
the weights are highest in the nost recent years. This assunption
yields a growh rate of 5.8%in Leonmi nster and 9.93% i n Nashua.

These estimates suggest that at |east sone part of the new expenditures

are made at the expense of other public goods.
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Gover nment Fi nanci ng Projections:

[11.8 Local
Leom nster
Pre-sewage Pl ant
1957 1958 1959 1960
3414 3508 3635 4507
2097 2189 2286
1221 1284 1344 1435
2193 2225 2291 3071
1.46 3.00 34.00

1961

4976

2392

1509

3467

12. 89

1962 1963
5126 5718
2507 2647
1569 1800
3557 3918
2.60 10. 15
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Leom nster

Post - sewage Pl ant

1964 1965 1966 1967 1968
6068 7313 7702 8472 8924
2954 3818 3785 4125 4479
1842 2437 2637 3008 3437
77.8 99.7 103. 4 131.5 159.3
4225 4876 5064 5465 5487
4169 4436 4720 5023 5345
4147 4391 4649 4922 5211
56 440 344 442 142
78 485 415 543 276
72 100 100 100 89
100 100 100 100 100

1969 1970
8806 10547
5131 6236
3919 4676
162.0 162. 8
4886 5871
5687 6052
5516 5840
-801 -181
- 630 31

0 0

0 19
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Nashua

Pre- sewage Pl ant

1953 1954 1955 1956 1957 1958 1959 1960
3099 3123 3171 3291 3477 3826 4101 4861
2523 2580 2579 2770 2993 3235 3457 4027
1110 1145 1081 1307 1376 1529 1632 1870
1989 1978 2090 1984 2102 2297 2469 2991
-.56 +5.6 -5.1 +5.9 +9.3 +7.5 +21. 14
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Nashua

Post - sewage Pl ant

1961 1962 1963 1964 1965 1966 1967 1968 1969
5175 6171 6495 7240 7467 7864 8130 11030 11862
4140 4837 4938 5447 5883 6463 7310 8767 10112
2067 2263 2600 2856 3255 3622 3879 4805 5126
100.8 102.2 254.37 256.04 257.7 260.3 261.1 262.7 264. 4
3108 3908 3895 4384 4212 4242 4251 6225 6736
3178 3376 3588 3812 4050 4303 4572 4858 5161
3288 3614 3973 4367 4801 5278 5802 6379 7012
-70 +532 +307 +572 +162 -61 -321 +1367 +1575
-180  +294 -78 +17 -589 -1036 -1551 -154 -276
0 100 100 100 63 0 0 100 100
0 100 0 7 0 0 0 0 0
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We can now use the estinmates in Table I11.8 in conjunction
with the tax and expenditure work of Musgrave and others to draw
sonme concl usions about the effects of water pollution abatement on

the income distribution.

[11.3.3.1 The Property Tax

The property tax is a tax on four separate kinds of goods:
owner - occupi ed housing, rental property, comercial and industria
and farm property.

The conventional theory says that in the long run, taxes on
residential property, both owner-occupied and rented, are borne hy
t he occupant.15 Cccupants of owner occupi ed housing bear these taxes
in the short run as well. The short-run incidence of property taxes
on rental property is less clear. Traditional theory argues that since
supply is inelastic in the short run , landlords nust absorb the
tax. On the other hand, several people have recently suggested
that in oligopolistic urban rental markets property taxes may act as
a signal for landlords to imrediately raise rents and hence tenants

bear the property tax in the short run as weII.16

If occupants do in fact bear the burden of the residentia
property tax, then this portion of the tax woul d appear to be
regressive. Housing has an incone elasticity less than 1. Therefore,
a property tax which is proportional to the value of property wll
rest relatively nore heavily on low rather than on high income people. 17

This regressivity of the residential portion of the property tax
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is exacerbated by Federal income tax law. Honmeowners can deduct from
their income tax, property tax payments. The nonetary value of this
deduction depends on the marginal tax bracket of the homeowner.

The effect of these tax laws on increasing the regressivity of residential
property taxes is illustrated in Table II1.9.

The incidence of the portion of the property tax which falls
on commercial, industrial and farmrealty is not quite as clear-cut
as that on residential property. Traditional theory assuned that this
part of the tax was simlar to an excise tax, and therefore would
be shifted conpletely on to the consuner. 18 It, too, was regressive
since the marginal propensity to consune declined with income. Thi s
assunption has been challenged recently: the argunent has been made
that the tax on business property is analogous to a tax on incone
fromcapital and therefore will not be totally shifted forward unless
the business involved is a nonopoly. 19 In line with this reasoning,
recent work has attributed one-half of the business property tax to
capital and one-half to consuners.

Personal property, the last element of the property tax, is
for the nost part, business machines and inventories. It is assuned
that this portion of the tax is shifted forward to consunmers, much
as any other excise tax. It, too, is regressive.

In total, the property tax seems to be somewhat regressive.
Table I11.10 gives the incidence of the tax as deternined by four mgjor

studi es: inall four, the tax is regressive throughout nost of the

i ncone range.
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Table I11. 9

I nci dence of Real Estate Taxes
Adj usted for Tax Deductions

1960

Property Tax/ Adj usted for

I ncone O ass | ncone Tax Savi ngs
3,000 - 4,000 4. 46 3.57
4,000 - 5,000 3.72 2.98
5,000 - 6,000 3.34 2. 67
6, 000 - 7,000 3.15 2.52
7,000 - 8,000 3.07 2. 46
8,000 - 9,000 2.96 2.31
9,000 - 10,000 2.89 2.25
10,000 - 15,000 2.79 2.18
15,000 - 20,000 2.71 1.90
20,000 - 25,000 2.52 1.70
25,000 - 50,000 2.13 1.21

Sour ce: Di ck Netzer, Econonmics of the Property Tax,
(Brookings, Washington, D.C. 1966), p. 49.
Statistics conpiled fromU S. Treasury Departnent,
Statistics of Incone, |Individual Income Tax
Returns, 1960. Only taxable returns were used.
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(1) Herriott & MIler: "The Taxes W Pay," Conference Board Record,
May 1971, and "Tax Changes Anong |ncone G oups, 1962-68,"
Busi ness Horizons, Feb. 1972.

Data from 1963 Survey of Financial Characteristics of Consuners.

Total Income = noney incone plus
under - reported noney income
i nputed incone
realized capital gains
retained earnings
indirect taxes (less transfers)

(2) Musgrave: Study in progress.

Data was obtained from the Brookings Institution's Merge File
compil ed fromthe 1966 Survey of Economic Opportunity & U.S.
Covernnent Tax File.

Adj usted Fanmily Income = factor income
+ corporate profits
+ transfers
+ inputed rent
+ wage supplenents
+ insurance interest
+ other accrued capital gains

(3) Tax Foundation: Tax Burdens & Benefits of Governnent Expenditures
by Income Cass (New York, 1967).

Data conpiled from Bureau of Labor Statistics, Consumer Expenditures

and Income, Survey of Consumer Expenditures 1960-61. (BLS Report
No. 237-38);

U S. Dept. of Commerce, Survey of Current Business, July 1966.
and Tax Foundation estimates.

Total Inconme = incone before taxes.

(4) Gllespie: "Ef fects of public expenditures on the distribution of
income,"” in Misgrave, Essays in Fiscal Federation (Brookings, 1965)
Adj usted Income = incone + benefits from government + transfers -

t axes.
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[11.3.3.2 Expenditure |Incidence

In lieu of property tax increases, |ocal governnents can choose
to raise pollution abatement funds by reducing other |ocal expenditures.
We must consider then the incidence of benefits of substitutable
government expenditures.

In Table Ill1.11 we present a recent analysis by Misgrave
of the incidence of health and hospitals, highway, and other (non-
educational) expenditures. As we can see, all three categories are
progressi ve: t he poor benefit nore than proportionately from
expenditures. Health care, as we night expect, is the nost progressive
hi ghways the least. Coviously there are a great many assunptions
involved in naking such projections and we cannot review them here.
However, although our information is limted, these nunbers do repre-

sent one expert "best guess" of the underlying pattern

[11.3.3.3 CQverall Distribution |npact

In Table Il1.12 we have conputed an estinate of the incidence
of pollution abatenent costs under the Leominster and Nashua financing
schene. The share of costs covered by property tax increases was
al | ocated anong income classes in accordance with the Misgrave tax
figures. The allocation of benefits lost through the expenditure
substitution process was acconplished by (1) assuming that in the
absence of pollution abatenent expenditures, the relative size of
ot her expenditures in the budget woul d have remai ned constant; and

(2) using expenditure incidence estinates to allocate costs of foregone
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Table I11. 11

I nci dence of Local Government
Expendi tures

Benefits as a Percent of |ncone

| ncome group H ghways Heal th other_
Under 2,000 1.3% 5. 9% 4.2%
2 - 4,000 2.0 6.8 4.8
4 - 6,000 2.2 3.4 4.2
6 - 8,000 2.3 1.9 4.6
8 - 10, 000 2.1 1.1 4.2
10 - 15,000 1.8 .6 4.0
15 - 20, 000 1.3 .5 3.4
20 - 30,000 .6 3 3.1
30 - 50,000 .8 .2 3.7
50,000 + .5 .0 3.6

Source.  Richard Misgrave, op.cit. 1973.
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Table I11. 12

| nci dence of

Pol | uti on

Abat enent Costs for

Year 1964 1965 1966 1967 1968 1969 1969
[ ncome
Goup
Under 2.000 5.9% 6.7% 6.7% 6. 7% 6. 4% 4. 1% 4. 1%
2 - 4,000 5.4 5.7 5.7 5.7 5.6 4.7 4.7
4 - 6,000 4.5 4.7 4.7 4.7 4.6 3.9 3.9
6 - 8,000 4.3 4.3 4.3 4.3 4.3 4.1 4.1
8 - 10,000 3.9 4.0 4.0 4.0 4.0 3.7 3.7
10 - 15,000 3.6 3.7 3.7 3.7 3.7 3.4 3.4
15 - 20,000 3.2 3.3 3.3 3.3 3.2 2.9 2.9
20 - 30,000 2.9 3.0 3.0 3.0 3.0 2.6 2.6
30 - 50,000 3.0 2.9 2.9 2.9 2.9 3.1 3.1
50,000 + 3.2 3.3 3.3 3.3 3.3 2.9 2.9
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LEOM NSTER Li beral Estinate

Year 1964 1965 1966 1967 1968 1969 1969
| ncone

G oup

Under 2, 000 6. 7% 6. 7% 6. 7% 6. 7% 6. 7% 4. 1% 4.6%

2- 4,000 5.7 5.7 5.7 5.7 5.7 4.7 4.9
4 - 6,000 4.7 4.7 4.7 4.7 4.7 3.9 4.1
6- 8,000 4.3 4.3 4.3 4.3 4.3 4.1 4.1
8 - 10,000 4.0 4.0 4.0 4.0 4.0 3.7 3.7
10 - 15,000 3.7 3.7 3.7 3.7 3.7 3.4 3.5
15 - 20,000 3.3 3.3 3.3 3.3 3.3 2.9 3.0
20 - 30,000 3.0 3.0 3.0 3.0 3.0 2.6 2.7
30 - 50,000 2.9 2.9 2.9 2.9 2.9 3.1 3.0

50,000 + 3.3 3.3 3.3 3.3 3.3 2.9 3.0
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NASHUA Conservative Estimte

Year 1961 1962 1963 1964 1965 1966 1967 1968
[ ncone
Goup
Under 2, 000 3.4% 6.7% 6.7% 6.7% 5.4% 3.4% 6.7% 6.7%
2 - 4,000 4.1 5.7 5.7 5.7 4.1 4.1 5.7 5.7
4 - 6,000 3.6 4.7 4.7 4.7 4.3 3.6 4.7 4.7
6 - 8,000 3.9 4.3 4.3 4.3 4.1 3.9 4.3 4.3
8 - 10,000 3.6 4.0 4.0 4.0 3.8 3.6 4.0 4.0
10 - 15,000 3.3 3.7 3.7 3.7 3.6 3.3 3.7 3.7
15 - 20,000 2.8 3.3 3.3 3.3 3.1 2.8 3.3 3.3
20 - 30,000 2.4 3.0 3.0 3.0 2.8 2.4 3.0 3.0
30 - 50,000 2.8 2.9 2.9 2.9 2.9 2.8 2.9 2.9
50, 000 + 2.7 3.3 3.3 3.3 3.0 2.7 3.3 3.3
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NASHUA Li beral Estimate
Year 1961 1962 1963 1964 1965 1966 1967 1968
[ ncone
Goup.
Under 2,000 3.4% 6. 7% 3. 4% 3.5% 3. 4% 3.4% 3.4% 3.4%
2 - 4,000 4.1 5.7 4.1 4.0 4.1 4.1 4.1 4.1
4 - 6,000 3.6 4.7 3.6 3.6 3.6 3.6 3.6 3.6
6 - 8,000 3.9 4.3 3.9 3.8 3.9 3.9 3.9 3.9
8 - 10, 000 3.6 4.0 3.6 3.5 4.0 4.0 4.0 4.0
10 - 15,000 3.3 3.7 3.3 3.2 3.3 3.3 3.3 3.3
15 - 20, 000 2.8 3.3 2.8 2.7 2.8 2.8 2.8 2.8
20 - 30,000 2.4 3.0 2.4 2.3 2.4 2.4 2.4 2.4
30 - 50,000 2.8 2.9 2.8 2.7 2.8 2.8 2.8 2.8
50, 000 + 2.7 3.3 2.7 2.6 2.7 2.7 2.7 2.7
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benefits anong income classes.

Table I11.12 presents the results of these cal culations for
Leom nster and Nashua. Two things are clear from this work:

(1) In general, costs which are covered by property tax
i ncreases are nore regressive than those financed by alternative
expendi ture reduction.

(2) The regressivity/progressivity of the expenditure
substitution financing depends critically on the pre-pollution expenditure
allocation of government expenditures. Thus expenditure substitution
is nore regressive in tows in which health and wel fare expenditure
is a promnent budget item than in towns in which highways absorb
a mgjor portion of the town budget. Thus expenditure substitution
is mre regressive in Leonminster, than it is in Nashua (where highway
expenditures are large). Table Il1.13 summarizes the division of
budgetary expenditures in the two towns.

Several interesting results emerge from this analysis:

(1) In general, analyses which attribute the total cost of
wat er pollution expenditures to the property tax overestimte the
regressivity of those expenditures, given the assunptions we have made.

(2) Gven the possibility of expenditure substitution,
wat er pollution abatement expenditures will tend to be |east regressive
in those towns whose budgetary patterns are npst regressive, i.e.

| east pro-poor, in the period prior to pollution expenditures.
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Table Il11. 13

NASHUA ANNUAL EXPENDI TURES

Paynents in Thousands of Dollars

1962 1963 1964 1965 1966 1967 1968 1969
General Gover nment 527 573 571 662 690 739 878 928
Public Safety 989 100 114 121 141 158 165 200
Health & Sanitary 649 693 729 759 850 766 737 141
Hi ghway 109 107 115 125 119 137 172 181
Li braries 127 131 141 159 173 183 249 261
Public Wl fare 97 95 104 114 116 117 100 98
Par ks, Recreation 136 119 140 177 169 248 227 227
Public Service 195 223 243 289 288 292 324 77
[ nterest 175 253 287 308 340 360 397 619
Uncl assi fi ed 667 836 816 880 321 427 777 600

Educat i on 226 260 285 325 362 387 480 512
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NASHUA ANNUAL EXPENDI TURES

Per cent age

1962 1963 1964 1965 1966 1967 1968 1969
General Gover nnent 8.4 8.2 7.5 7.8 8.2 7.9 7.8 7.8
Public Safety 15.6 14. 4 15.2 14. 4 16. 8 17.0 14. 7 16. 8
Health & Sanitary 1.0 9 9 9 .0 .8 .6 1.2
Hi ghway 17.3 15.3 15.3 14.9 14.2 14. 8 15.3 15.2
Li braries 2.0 1.8 1.8 1.9 2.0 1.9 2.2 2.2
Public Welfare 1.5 1.3 1.3 1.3 1.3 1.2 9 .8
Parks, Recreation 2.1 1.7 1.8 2.1 2.0 2.6 2.0 1.9
Public Service 3.0 3.2 3.2 3.4 3.4 3.1 2.9 .6
I nterest 2.7 3.6 3.8 3.6 4.0 3.8 3.5 5.2
Uncl assified 10.5 11.9 10. 8 10. 4 3.8 4.5 6.9 5.0

Educati on 35.6 37.2 37.8 38.7 43.0 41.8 42.8 43.0
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V.  The Response of Firns to Water Pollution Sewer Charges

The purpose of this study is to exanmine the effects of effluent
charges on the discharge of industrial liquid wastes. However inportant
it my be, it is extremely difficult to predict the response of industria
waste discharges to an effluent charge because, for the nost part, no
such charge exists at present. Economi sts--and, for that matter, policy
makers--are usually not deterred by such an obstacle. There are at |east
two ways to overcone it. One approach is to construct a nodel which
simul ates the production behavior of firms and to derive fromthis
model an estimate of their response to a hypothetical effluent charge.

The other approach, adopted in this study, is to search for a situation
anal ogous to that of an effluent charge system and to anal yze the
response of firms in this situation. Here we use evidence avail able
froma number of Anerican and Canadian cities where firms which use the
muni ci pal sewer system are charged for that use partly on the basis of
sewage strength, in addition to volume. Subject to these linitations
in our data (which are discussed in nore detail below), we have found
sone evi dence of a significant responsiveness of waste dischargers

to these charges on waste strength. In the next sections we describe
our data and the econonetric anal yses which we have perforned.

Prof essi onal econonetricians often lavish attention on sophisticated
statistical techniques and esoteric methods of estimation. It is very
unusual , however, to find a proportionate amount of attention devoted
to the inherent neaning of the data and the real-world causal relationship

which it is supposed to represent. In this study, because of the nature
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of the data, we found that we were forced to devote considerable attention
to basic conceptual issues, such as defining what constitutes a response
to a sewage charge, as well as to issues of statistical technique.

Despite our efforts, we can still not be entirely certain that we

are correctly interpreting the data until we can discuss our results
with officials in the cities included and obtain some feedback from

t hem

IV.1. The Use of Surcharges on Sewage Strength

Charges for nunicipal sewage services are generally of fairly
recent origin. According to the International City Managenent Association
(1Cvy), in 1945 less than 20% of the larger cities in the U S., which
operated a sewage collection and treatment system levied a sewer service
charge; by 1970, according to an | CMA survey, 86%of cities of all
sizes with a public sewer system | evied service charges. L

In the vast najority of cases the charge was based on vol ume of
sewage flow, either neasured directly or assuned to be sonme proportion
of netered water supply. However, in a few cases, the charge was
al so based on sewage strength--usually in the formof a charge per pound
of BOD and/or SS discharged in excess of a certain concentration (the
precise fornul ae are discussed below). O 1160 cities responding to
the 1969 ICMA survey, 223 cities (19% indicated that they had sone
provision for a high strength surcharge of this type. A subsequent
EPA survey in Decenber 1971 identified 287 cities which charged

for sewage service at least partly on the basis of sewage strength.2
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TABLE IV.1 CTIES WHICH WLL HAVE SURCHARGES AS COF 1974

ALABAMA
Mont gomery

CALI FORNI A

Al aneda
Anahei m
Fresno
Haywar d
Mbdest o
Mountain View
Sacranent o
San Jose

San Francisco
St ockt on

COLORADO
Denver

FLORI DA
Jacksonville
Pensacol a
Tanpa

GECRG A
Atl anta

[LLINO S
Decat ur
Peori a

Qui ncey

| NDI ANA
Layfayette

| OMA

Ares

Cedar Rapids
Des Mbi nes
Dubuque
Sioux City
Wat erl 0o

KANSAS
Topeka

KENTUCKY
Loui sville

LOUI SI ANA
Al exandri a
Shreveport

MANI TOBA
W nni peg

M CHI GAN
Adri an
Frankennut h
Gand Rapi ds
Kal amazoo

O sego

MARYLAND
Wager st own

M NNESOTA
Dul ut h
Hast i ngs
Ownat onna
Rochest er

M SSOUR
Kansas Gty
St. Louis
Springfield

NEBRASKA
Omaha

New JERSEY
Bri dgeton
M ddl esex

New Brunsw ck

NEW MEXI CO
Al bur quer que

NORTH CAROLI NA
Charlotte

Dur ham

G eensboro

Monr oe

W nst on- Sal em

OH O

Ar chbol d
Bedf ord

Ci nci nnat
Crcleville
Fi ndl ay
Ham | t on
Lew st own
Mansfiel d
Medi na

M ddl et on
Newar k
Sandusky

St eubenville
Tol edo
Zanesville

OREGON
Eugene
Port | and
Sal em

PENNSYLVANI A
Chunber sburg
Pittsburgh

W I Iiamsport
Yor k

TEXAS
Dal | as
El Paso
Lubbock

VIRG N A
Hanpt on Roads
Nor f ol k

Ri chnond

W nchest er

WASHI NGTON
Tacom

W SCONSI N
Chi ppewa Falls
Madi son
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These figures should be taken with a degree of skepticism From
our own inquiries, it appears that in some cities the surcharge on
sewage strength exists only in the statute books, and is not actually
being inpl enent ed. In spite of our streneous efforts we were able
to identify only 51 cities which had a surcharge in operation by the
end of 1971. However, fromour inquiries it is clear that the nunber
of cities with a surcharge systemis increasing rapidly. W identified
20 cities which had introduced a surcharge in 1972 or 1973 (which
was too recent to be useful for our analysis) and an additional 15
cities which plan to introduce a surcharge by early 1974. In Table
IV.1 we list all those cities which to our know edge either have a
sewer surcharge systemor will have one by early 1974.

There seems to be two reasons for the growing popularity of this
type of charge. One is that it provides an attractive way of
rai sing additional revenues with which to alleviate the financia
pressure on public sewage systems. The other is that under the 1972
Water Pollution Control Act, the EPA now requires of cities which seek
treatnment plant construction grants that they charge industrial custoners
for their share of sewage costs. Both factors are likely to continue
to operate, which leads us to expect that excessive strength surcharges

will become very nuch nore common in the near future

V. 2. Data Col | ection

W obtained information in which cities have, or mght have, sewer
surcharges from several sources. First we got information from personal

comuni cation from Professor Jack Johnson of MMaster University, who has
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studi ed urban sewer service charges, and from M. Louis Quy of the Water
Pollution Control Federation. W conducted tel ephone surveys of State
Water Pollution Control Agencies in about 10 states. W also used a
recent Ph.D. thesis by Ralph Elliott at the University of North Carolina,
who studied the response of firns to sewer surcharges up to 1970, using a
somewhat different nethodology formthat enployed in this study.
In addition we consulted a survey of municipal sewer service
charges published by the American City Magazine. Fromthese sources we
assenbled a list of about 95 cities which were believed to have sewer
surcharges in operation. A telephone call was made to the sewer
departnents of each of these cities to inquire whether there actually
was a surcharge systemin force and, if so, to ascertain some details of
its operation. (The short questionnaire used in these tel ephone
interviews, together with all the survey instruments used in this
project, is shown in Appendix IV.A

For cities that did have a surcharge in operation before 1972, a letter
was sent to the appropriate official describing the objectives of our study
and asking for his assistance in conpleting a questionnaire. The question-
naire was in three parts. The first dealt with the details of the surcharge
system the second asked for dates on the volume of sewage flow, the anpunt
of surcharge payrment, and the ampunt of pollutants discharged by each firm
payi ng a surcharge in each year since the introduction of the surcharge
system W also asked for a brief description of the industries in which

the firnms were | ocated and, where pernitted, their names and addresses.
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The last part of the questionnaire dealt with the administration of the
surcharge and the city official's evaluation of its effectiveness.

The questionnaire asks for information on individual firm discharges
which is technically in the public domain, insofar as it belongs to |oca
governnent agencies, but which is often regarded as confidential by private
firms. As a result, to encourage responses, we guaranteed to preserve
the confidentiality of the data and to refer to the cities and firns
involved in this study by code nunbers, so that the individual firns
on which we have data could not be publicly identified. |In accordance
with this promise, we will not identify the individual cities and firns
inthis report, instead we will refer to cities by a 3-digit code, ranging
fromO011 to 204, and to firnms by a 2-digit code, ranging fromO01l to 70.
Thus firm 05139 is firmnunber 39 in city nunber 051.

In the light of the tel ephone survey, questionnaires were sent to 51

cities which were known to have surcharge systens in operation prior to
1972. About ten days after the naking of the questionnaire, follow up
phone calls were nmade to ensure that the questionnaires had arrived safely
and to check whether there would be any problens in obtaining the data.
In nost cases, further phone calls were made a few weeks later to check on
progress in dealing with the questionnaire. This was repeated, where
necessary, until nid-Septenber. This has resulted in responses from 31
cities, containing data on firmwaste discharges fromas far back as 1955,
and as recent as 1971, through 1972 (in sone cases, through m d-1973).

For various reasons, to be discussed in the next section, not all of

this data was suitable for analysis and we have ended up with a potentially
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useful data set covering 21 cities.

Consi dering the substantial anount of work required of city officials
in compiling time series data on waste discharges by individual firns,
the response rate is highly satisfactory. It was nade possible by the
generous interest of many local government officials, who nust perforce
remain anonynous. W nust enphasize that the data which they supplied
to us was not usually easily accessible. Because of their efforts we
have been able to obtain a |large and uni que body of micro-data on
i ndustrial waste discharges of very good quality.

The cities in our sanple seemto be well representative of the cities
in which excess strength surcharges are in operation. The non-respondents
fall mainly into two categories: small cities in rural areas with a rela-
tively small nunber of firms paying a sewer surcharge; and a few large
cities with very nany firns paying a sewer surcharge, but with a poor
record keeping system 3 Fortunately however, there were other cities
with many firns paying a surcharge which had a good record keeping system
or, as happened in several cases, found it to be in their ow interest to
conpil e the data which we were seeking. The cities in our sanple offer a
variety of sizes and geographical l|ocations. The
di stributions of these variables are shown in Tables I1V.2, IV.3.

In the course of analyzing the data which we had col |l ected, we becane
convinced of the need to obtain data on individual firmoutput |evels
covering the tine period for which we had data on individual firmwaste
di scharges and of a conparable quality in its detail. The available

publ i shed data, such as the annual censuses of manufacturing, did not
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TABLE 1V.2 SI ZE DI STRI BUTI ON
OF CITIES I N SAMPLE

Popul ati on Range # Cities
<25, 000 4
25,000 - 100, 000 7
100, 000 - 200, 000 7
200, 000 - 400, 000 1

400,000 - 600,000 2
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TABLE |V. 3. GEOCGRAPHI C DI STRI BUTI ON
OF G TIES I N SAMPLE

Regi on # Cities
South Atlantic 7
East North Central 8
East South Central 1
West North Central 2

Pacific 3
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cover separately all the cities in our sanmple. It also only runs as far
as 1971, and is much too highly aggregated in conparison with our plant-
by-plant data on waste discharges. Therefore we decided to send a
questionnaire to all the firms in our sanple requesting data on their
out put since the introduction of the surcharge and al so asking themto
describe their response to the surcharge, as a check on the validity of
the inferences we have drawn from our data. The questionnaires were
sent out too late to be used in the present study, but the initia
response of firms seens to be very good and we are hopeful of obtaining
a good set of output data which can be matched up with our wast discharge
data in future research.

Thus, for the purposes of this project, our data consists of the

follow ng variables for each firm

FLO:  The annual vol unme of sewage discharges (in million
gallons, or mllion cubic feet)
BCOD:  The nunber of pounds of BOD di scharged annual |y
SS. The nunber of pounds of SS disharged annually
CBD: The average annual concentration of BOD in sewage
di scharges (in ppm
CSS: The average annual concentration of SS in sewage
di scharges (in ppm
PBOD: The charge in dollars per 1000 pounds of BOD
di scharged in excess of the pernmitted waste
concentrations.
LIMB: The concentration of BOD (in ppn) above which the
surcharge on BOD is levied
PSS:  The charge in dollars per 1000 pounds of SS discharged

in excess of the permitted waste concentration
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LIMS: The concentration of SS (in ppm) above which the
surcharge on SS is levied
PFLO  The fl ow sewer service charge, in dollars per
10, 000 gal l ons of sewage di scharge
SIC.  The 3- or 4-digit category describing the
industry in which the firmis |ocated
SIZE: A dummy variable, taking the value 0 for snal
firmse and 1 for large firns (explained bel ow
The variables FLO, BOD, SS, CBD, CSS are in the formof tine series
for each firm sonetinmes of unequal length for different firns in the same
day. They were fornulated on an annual basis to circumvent the probl em of
seasonal variations in waste discharges which is a characteristic feature
of some of the industries in our sanple ( for exanple food processing ).
There were some exceptions, however. |n one case the sewer surcharge was
applied on the basis of waste discharges in the nmonth with the highest waste
concentration; there the variables BOD, SS, CBD and CSS were taken to refer
to the highest month in each year. |n another case, the raw data received
fromthe city consisted of the results of tests of BOD and SS concentration
at many different tines throughout the year, ranging fromabout 10 tests
in some years to about 60 in others. Since nost of the industries involved
were highly seasonal in operation, we standardized the data by conputing
t he average wast concentration within the busy season of each year, and used
that for our tinme series on CBD and CSS
Not all the cities |evy charges on both BOD and SS and hence they do
not all have data on both sets of variables, BOD and CBD, and SS and CSS.
Also, in sone cities the data on FLO was unavailable ( usually because it
was recorded by some other nmunicipal agency than the sewer departnent to

which we had witten) and only the data on CBD and/or CSS was avail abl e.
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Hence there are gaps in the coverage of our data on FLO, BOD, SS, CBD
and CSS. Finally, it should be noted that a few cities nonitor other
waste parameters besides BOD and SS, such as pH, grease and COD. How
ever, our data on these other variables is so sparse that we decided
to onit them Table IV.4 shows the coverage of our data

In several cases firns had responded to the charge on waste strength
by reducing their discharges so nuch that they were no longer required to
pay the surcharge. In sonme of these cases the city would cease to nonitor
their discharges and the data time series would end prematurely. In
these cases, in the absence of other infornmation, we nade the conservative
assunption that these firnms' waste concentrations were just equal to LIM
and/or LIMS (in the maximum waste concentrations at which they would
avoid the surcharge), and used these values to conpute the desired tinme
series on CBD and CSS (and on BOD and SS, if we still had data on FLO.

The variables PBOD, LIMB, PSS, LIMS and PFLO are, of course, conmon
to all the firns in each city.4 In a few cases these variables were
changed during the period for which we have data (i.e. since the introduction
of the surcharge). The method by which we dealt with these cases will be
expl ained below. The information on SIC code was obtained either directly
fromthe city officials who filled out the questionnaire or by reference

to the SIC Handbook. In addition we consulted Key Plants 1970-71, a pub-

lication of Market Statistics Inc. of New York which lists nmore than
41,000 plants throughout the U S. A wth 100 or nore enployees in 1970 and
dientifies their address, SIC category and enploynent size. Every city

in our sample is included in this directory. W assunmed, with very few
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Table |V. 4 DATA COVERAGE

COMVBI NATI ONS  OF

[ NDI VI DUAL VARI ABLES  # OBSERVATI ONS VARI ABLES # OBSERVATI ONS
DFLO 190 DFLO, DBOD, DCBD 12
DBOD 157 DFLO, DSS, DCSS 33
DSS 178 DFLO, DBCOD, DSS 145
DCBD, DCSS
DCBD 186 DCBD, DCSS 11
DCSS 189 DCBD 18

TOTAL 219
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exceptions, that if a plant was excluded fromthe directory it nust enploy
| ess than 100 workers. Most of the firns in our sanmple which were
included in the directory enployed between 100 and 400 workers; the
| argest recorded enpl oynent (for a tobacco conmpany ) was 2,500. Because
of the peculiar range of our data on plant enploynent we decided to
classify firnms into two groups,those with a |abor force of less than 100
(SIZE = 0) and those with a | abor force of 100 or nore (SIZE = 1).
The firms in our sanple covered a fairly wide range of different

manuf acturing industries, and one inmportant service industry - laundries
(SIC 721). W also had about 15 observations on waste di scharges from
public institutions, such as hospitals, prisons and universities; we
chose to exclude this data. For the rest, we grouped the industries
into 9 categories, as follows:

1. Heat and Poultry Processing

2. Dairy Products

3. Canned and Preserved Fruits and Vegetabl es

4. M scel |l aneous Food Processing

5. Textiles

6. Tobacco

7. Paper

8. M scel l aneous Manufacturing

9. Laundries

The details of this classification in terms of standard SIC categories

are shown in Table IV.5. In the rest of this report, the variable SIC w |l
refer exclusively to our broad classification of industries (i.e. it wll

take on values from 1 through 9). It should be noted that the Directory
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Table 1V.5

| NDUSTRI AL CLASSI FI CATI ON

Caftggyy Standard Industrial Cassification Category
1 201
2 202
3 203
4 204, 205, 206, 207, 208, 209
5 21
6 22
7 26
8 2751, 2752, 281, 283, 286, 1381, 3111

3221, 3275, 3321, 3442, 3452, 3471,
3479, 3573, 3662, 369, 374, 401

9 721
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of Key Plants, on which relied for our information on plant size, does

not cover service industries such as laundries. W nade the plausible

assunption that none of the laundries in our sanple was likely to enploy

nore than 100 workers, and therefore we set the value of SIZE at zero

in their case

I'V.3.  Met hodol ogy

G ven our data we faced the problem of how to nake inferences fromit

as to the effects of the introduction of the surcharge system In the

absence of information about other features of the firns in our sanple,

our

model postul ates that waste discharges are determ ned by the sewage flow

and surcharge prices which firms face, the type of product they produce,

and their output level, on which we unfortunately had no data at the tine.

The response to the surcharge can be nmeasured in five ways, nanely, the

responses of FLO, BOD, SS, CBD, and CSS. W shall examine these in turn

In all cities the surcharge can be reduced to a common fornula, giving

the total charge for sewerage services,C as a function of FLO, BOD, SS and

the parameters of the change system

C = (FLO - PFLO) + (BOD — LIMB - FLO . K)PBOD + (SS - LIMS
where, to repeat, FLO in sewage flow in units of 10,000 gallons, PFLO is
the volume charge in dollars per 10,000 gallons. BOD is the discharge of
BOD in units of 1,000 pounds, PBCD is the charge per excess 1,000 pounds

of BOD, LIMB is the allowed concentration of BOD in ppm above which the

+ FLO -« K)PSS

charge is levied (and simlarly for SS, PSS and LIMS), and K is a conversion

factor fromwater volune, in units of 10,000 gallons to water weight in

billions of pounds. This expression may be rewitten as:



| 'V-17

C = (FLO - PFLO) + (BOD - PBOD) + (S5 - PSS5) — (LIMB . K - PBOD) - FLO

- (LIMS - K - PSS) FLO

The term (LIMB - K - PBOD) - FLO represents the reduction in sewer paynents,
as a function of FLO when conpared to the charge that would be incurred

if there were no allowance for nornmal BOD discharges (i.e. if LIMB were
zero, as happens in some cities). A simlar interpretation applies to the
term(LIMS ® K * PASS) - FLO. For future reference we shall refer to the
two inmplicit prices in these expressions as:

PAB

(LIMB -« K - PBOD)

and

H

PAS = (LIMS - K - PSS)
This type of charge systemintroduces an interdependence between the
costs of discharging an additional unit of FLO and of BCOD and SS.  Suppose

that the firmchanges to levels of FLO BOD and SS fron1FLol, BODl, SS

l’
e FLOZ’ BOD2, SSZ' The additional cost to the firmnay be witten as:
AC = (FLO2 - FLOl) (PFLO - LIMB -+ K- PBOD - LIMS - K -.PSS)
+ (BOD2 —_BODl) . PBOP + (582 - SSl) "?SS

Thus, if the change actually involves only a change in flow, with BOD and

SS kept constant with BOD, = BOD,, and 8§, = Ssl),the mar gi nal cost per

unit flowis

(PFLO - LIMB * K - PBOD - LIMS - K - PSS)
which is less than PFLO, the conventional nmarginal cost of discharging an
extra unit of sewage flow. Indeed this full marginal cost may even be

negative if you |lower BOD concentrations sufficiently. W shall refer
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to this adjusted marginal cost as PAM and we have the followi ng relationship
PAM = PFLO - PAB - PAS

The inplication of this sinple algebra is that, with a surcharge system
in operation, the effective cost of discharging sewage flow is | owered.
Thus there is an incentive to lower the total sewerage bill not by reducing
the ampunt of BOD or SS, but by increasing water use and sewage flow.  However,
we cannot unanbi guously interpret an increase in the volune of sewage dis-
charges as a maxim zing response to the introduction of a surcharge system
First, sewage flow may have increased sinply as a response to an increase
in production, which may indeed al so have caused an increase in the discharge
of BOD and SS. Second, given the stinulus of the new surcharge systemfirns
may have responded by recycling wastewater or by changing their production
techniques in such a way as to reduce their consunption of water.5
In the first case, presunably one would not wish to count the outcome
as a success for the surcharge system and in the second case, where
the outcone involved a reduction in sewage flow one would wish to
count it as success for the system

The response of BOD and SS provi de sonmewhat nore unanbi guous

criteria for judging the success of the surcharge system Even here, however,
there are still some conplications. Firstly, BOD (or SS) nmay have increased
because output has increased, although |ess than proportionately because
of the surcharge. It would be wong to classify this as an exanple of the
failure of the surcharge but, since we do not yet have data on firm output,
that is a risk which we nust take. Secondly, for reasons which we still do

not understand, BOD and SS have sometimes changed in opposite directions.
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This did not happen in the majority of cases, but it did occur in

a nodest nunber of cases.6
Finally, a successful surcharge system should cause a reduction

in the concentration of BOD and SS. In this case, unless water input

and pol lutant output are highly different functions of output,

it whould not matter too much that we have no data as yet on

firmoutput levels. The only conplication is the case where the

firmresponds to the surcharge by reducing water use so extensively

that the flow discharge declines disproportionately nmore than

the output of pollutants, and hence the concentrations of

BOD and SS actually rise.

In order to inplenment these criteria for judging the success of the

surcharge systemwe had intended to performa |arge nunber of different
types of statistical analysis. Unfortunately, because of dealys in re-
ceiving the data fromthe cities, the unsuitability of the statistica
prograns at the Harvard Conputer Systemfor dealing with data that was
both time series and cross section (i.e. many different firms, each over
several years), and the delays and expenses in debugging the nore sophis-
ticated computer prograns, we were only able to undertake two nejor types
of econonetric analysis, which we shall describe below. W shall also
indicate briefly the other types of analysis which should be perforned
in the future

The first test is to take the level of each firnmlis output of waste a

short while after the introduction of the surcharge and conpare it with the
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| evel s before the introduction of the surcharge or, in the absense of
earlier data, with the levels in the first year of the surcharge. This
ratio can be taken as a dependent variable to be regressed on the para-
neters of the charge system and whatever other explanatory variables are
available (in this case, SIX and SIZE). This was done for each of the
five variables of interest in turn (with FLO BOD, SS, CBD and CSS)

In this nodel we are not strictly testing the hypothesis that a
surcharge leads to a reduction in BOD etc.; rather we hypothesize that a
hi gher surcharge rate leads either to a larger reduction in BOD or a

smal ler increase than a |lower surcharge rate. The alternative approach

is to create a dichotonous variable representing the dichotonous events
that ROD did fall or did not fall (i.e. a variable which took the val ue
1 of BOD fell and the value 0 of it did not fall) and to explain this
variable in ternms of the paraneters of the charge system SIC and S| ZE
There are various statistical techniqgues which can be applied to this
type of classification analysis. Because it requires only a standard
regression programwe chose the linear probability nodel for this analysis.
As we shall explain below, this method of estination turned out to
work rather poorly with our data (which could not have been predicted in
advance). As between the two nodels -- the continuous dependent variable
nodel versus the dichotonous dependent variable nodel -- we woul d hypot he-
size that the continuous dependent variable nodel is especially appropriate
for analyzing the behavior of BOD and SS, insofar as they may be affected
by the upward trend in output, on which we have no data. In principle,
the two estination techni ques shoul d be about equally desirable in analyzing

the other three sets of dependent variables. The results of these anal yses
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are described in the next section.
However, we should nention that there are two other ways of
| ooking at our data and making inferences about the effect of the

surcharge system One approach is to look at the tine pattern of the

response to the surcharge systemand to inquire whether that too is
affected by the charge system Thus, for exanple, one could regress
FLO, BOD, SS, CBD, and CSS separately as some (nonlinear) function of
time, and then test whether the fitted parameters of that function
vary anong firnms systematically as a function of the charge paraneters,
and SIC or SIZE

The second approach is to look at the absolute levels of FLO, BQOD
SS, CBD and CSS after firnms are presuned to have adjusted to the sur-
charge, and to test whether these levels vary systematically anong firns
as a function of the charge paraneters and the other explanatory vari abl es.
Al though we would like to experiment with their approach, we have sone
doubts as to its success. W do not have too much confidence a priori in
the underlying assunption that two different firns in the sane industry,
and even producing the same output |evel, would necessarily have the
sanme vol ume of sewage flow, discharge the same ampunt of pollutants or
have the sanme waste concentration when facing the same sewer charges.
W suspect that differences in plant technology and age nmay cause firns
in the sanme industry to have rather different |evels of water use and
pol l utant discharge, even though their relative response to sewer

surcharges maybe sinmilar. However this remains an open question
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W shoul d nention that the two nodes of anal ysis which we have just
outlined need not be perforned separately. They could be conbined
rather elegantly by first fitting a logistic function to time series data
on FLO or BOD etc., or some other function such as the reciprocal function
and then regressing both the fitted rate-of-decline parameters of these
functions and the fitted | ower asynptotes on the charge paraneters and
any other explanatory variables. Delays in deseasonalizing the tine
series prevented our conpleting this study. However, our prelininary
judgment is that this approach too may not be successful because of
differences in the type of tine response function exhibited by different
firms. This nmakes it difficult to find a common functional form which
suits the data froma | arge enough nunber of firns to provide a basis

for conparison.

V. 4. Statistical Analysis

As was nentioned earlier, we have obtained data on firms in 31 cities
in 12 states. For the cross-section anal yses described in the previous
section we discarded the data from 10 cities, for a variety of reasons.

In some cases surcharge system had not been properly inplemented unti

too recently to be of use. In other cases the system had been introduced

so long ago (in the early 1950's) that we considered the response of firms
at that time to provide very little information given the purposes of our

investigation. In yet other cases the charge had been in operation for a

long time - at least 10 years - before the commrencenent of the time series
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data that we obtained. This obviously precluded an analysis in terns of
the before-after response. Finally, in some cases firns were being
charged on the basis of some parameters which were irrelevant to our
nodel (i.e. poultry producers charged on the basis of the nunber of
chickens billed). Mst of the cities which we discarded were snal
and had few firns paying the surcharge
In order to inplenent the nodel we needed to know the |evels of
FLO, BOD, SS, CBD and CSS prior to the surcharge and after the firns
had adjusted to it. Wth two exceptions we had no data for the period
prior to the introduction of the surcharge, and therefore, we were
conpel l ed to take the values of these variables in the first year of
the surcharge as a surrogate. Insofar as firms have adjusted to the
surcharge within the first year of operation (or even in anticipation
of its introduction) our data will understate the true response.
Furthernore, insofar as different firns in different cities or in dif-
ferent industries have adjusted to the surcharge to different degrees
either before its introduction or in the first year of its operation
this will also bias our results. However, since nost cities did not
nonitor waste discharges before the introduction of the surcharge, nothing
can be done to overconme this problem The questionnaire which we have
sent to firns contains a question on the time lag before the firm adjusted
to the surcharge, and the answers to this question will be extrenely useful
Det er mi ni ng when each firmmght be said to have adjusted to the
surcharge was by no neans sinple. In general we adopted the policy of

taking the third or fourth year of the surcharge as the "after" year, in
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which to nmeasure firnms' responses. W varied that rule when it led to
mani festly misleading results. |In several cases, where W had a rel a-
tively long tine series with fluctuations, we averaged over two or

three years (say the third, fourth and fifth years of the surcharge)
Finally, in sone cases we had very short tine series of only two years
length (i.e. the surcharge was introduced in 1971 and we had data for
1971 and 1972), in these cases we took the first year as representing the
"original" situation and the second year as representing the response.
This may not have been an unreasonabl e assunption, because the data does
seemto indicate that in cities which introduced surcharge nore recently
(say since 1969) the response of firns has been swifter than in cities
whi ch introduced a surcharge earlier. This seens to be true independ-
ently of the size of the surcharge.

In four cities for which we had fairly long time series data (of six
years or nore) the surcharge rates had been changed during the period
covered by our data. In two cases, cities 133 and 165, the change had
occurred about 6 or 7 years since the introduction of the surcharge system
and data clearly showed an initial response to the original surcharge (in
terns of a reduction in BOD etc.) which was then gradually reversed unti
the change in the surcharge rates. At that time a new response was nani-
fested. In these cities we recorded two observations for each firm one
representing its response to the original charge and the other its response
to the later charge. This second set of observations were indexed 134
and 166, respectively. In two other cases, cities 113 and 111, the sur-

charge rates had been changed after only three years. In these cases we
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Table V.6 DI STRIBUTION OF FIRM SI ZE BY | NDUSTRY

| NDUSTRY
1 2 3 4 5 6 7 8 9 TOTAL
Under
100 enp. 18 13 10 16 0 3 6 16 43 125
S| ZE
More than
100 enp. 13 18 11 17 6 13 7 9 0 94

TOTAL 31 31 21 33 6 16 13 25 43 219
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TABLE |V.7 DISTRIBUTION OF | NDUSTRY TYPES BY CTY

[ ndustry
Gty # 1 2 3 4 5 6 7 8 9 TOTAL
011 3 2 5
021 2 1 5 4 1 3 11 6 33
023 5 4 6 1 1 1 18
024 3 3
041 2 1 4 7
051 1 4 3 13 4 25
071 1 1 2
111 1 1
112 2 2 4 8
113 4 2 6
115 3 2 5
133 5 7 1 2 2 3 20
134 4 5 1 2 2 3 17
141 1 1 2 3 7
152 1 3 2 2 15 23
153 3 1 2 1 3 2 1 13
154 2 4 6
155 1 2 1 3 4 6 17

165 3 3
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again created two sets of observations, taking the response in the
third year versus that in the first year for the first observation

and the response in the sixth or seventh year versus that in the first
year as the second (indexed 114 and 117, respectively). In all these
cases, the price variables for the second set of observations was taken
to be the absolute | evel of the new charge, rather than its increnent
over the original charge.

Wth these adjustnents we had 21 sets of observations on 219 firns,
including the imaginary cities 134, 166, 114 and 117 (without them we
woul d have had 33 less data points).7

This data is reproduced in Appendix IV. B. It includes the code
nunbers for each firmand each city, and the values of SIZE and SIC, and
of DFLO (the ratio of sewage flow in the response year to that in the
initial year), DBOD, DSS, DCBD and DCSS (the similar ratios pertaining
to BOD, SS, CBD and CSS, respectively) and the miscellaneous price vari-
ables (PFLO PBCOD, LIMB, PSS, LIMS, PAB, PAS, and PAM. The distribution of

firmsizes and industries is shown in Tables IV.6 and |V.7.

The distributions of the values of the variables DFLO t hrough DCSS
are shown in Table IV.8. This table provides a check on the validity of
our proposed binary classification of these variables. |t would seemto
inply that the variables DBOD, DSS, DCBD and DCSS can reasonably be
classified into two categories - increase versus decrease - but in the
case of DFLO there remains sone doubt as to whether one should create a
third category representing "no change"; if this category were defined as
covering the range of values fromDFLO = 0.90 to 1.10 it would account for

28.9% of the observations. However the argunent for creating a third
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TABLE V.9 DI STRIBUTION OF DBOD BY DSS

DBOD
<10 > 10
<10 40 25
DSS
> 10 23 57

(nunmber of cases
in each cell)
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category is not conclusive. For convenience, we decided to
continue with the binary classification, but to nodify it by counting
only val ues of DFLO greater than 1.05 as an increase in flow. In so
doing we effectively discount small changes in sewage flow possibly

associated with the steady growth in output.

Anot her interesting question concerns the correl ation between changes
in the discharges of BOD and of SS. In the pooled data there is a positive
correl ati on between DBOD and DSS -- the correlation coefficient is 0.3742;
this is their joint distribution as shown in Table IV.9, and according
to the standard thest, the hypothesis of nutual independence can be
rejected at the .01 level. However, if one groups the data according
to industries the results are sonewhat different; the hypothesis of
i ndependence can be rejected for the meat processing, textile, paper
and laundry industries (in all these cases there was clearly a positive
correlation), but not for the dairy, canning, mscellaneous foods,

t obacco and miscel |l aneous manufacturing industries.

The variabl es which we used in our regression equations
are shown in Table IV.10. Sonme of the dependent variabl es have already
been explained; the rest will be introduced and expl ai ned bel ow. The
i ndependent variables are firmsize, industry type and the various

paranmeters of the charge system
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TABLE 1V. 10

KEY TO VAR ABLES USED I N REGRESSI ON ANALYSI S

A, Dependent Variabl es

DBOD

DSS

DFLO

DCBD

DCSS

DUVBOD

DUMSS

DUVFLO

DUMCBD

DUMCSS

TOBBOD

TOBSS

The ratio of discharge of pounds of BOD at a
time 2-4 years after the introduction of the
surcharge to the discharge in the year before
the surcharge, or in the first year of the
sur char ge.

Simlar ratio for SS.

The ratio of sewage flow at a tine 2-4 years
after the introduction of the surcharge to
the flowin the year before the surcharge, or
in the first year of the surcharge.

The ratio of the concentration of BOD in ppm
at atime 2-4 years after the introduction of
the surcharge to the concentration in the year
before the surcharge, or in the first year of
t he surcharge.

Simlar ratio for the concentration of SS.

if DBOD < 1.0
ot her wi se

if DSS < 1.0
ot herwi se

if DFLO > 1.05
ot herwi se

if DCBD < 1.0
ot herwi se

if DCSS < 1.0
0 otherw se

DBOD if DBOD < 1.0
0 otherw se

DSS if DSS < 1.0
0 otherw se

R OF Ok OF OPR
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Table V.10 cont.

A Dependent Variables (cont.)

DFLO if DFLO > 1.05

TOBFLO = 0 otherw se

_ DCBD if DCBD < 1.0
TOBCBD = 0 otherw se
TOBCSS = DCSS if DCSS < 1.0

0 otherw se
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Table 1V.10 cont.

KEY TO VARI ABLES USED I N REGRESSI ON ANALYSI S

B. Explanatory Variabl es

S| ZE An index of firmsize, takes value 1 if firm
empl oys nmore than 100 workers, 0 otherw se.

SIC Industry in which firmis located (See Table IV.5
for details).

PFLO Sewer age service charge pertaining to flow
(in $ per 10,000 gallons per nmonth).

PBOD Sewerage service surcharge on discharges
of BOD in excess of a given concentration
(in $ per 1,000 Ibs. of BOD).

PSS Sewerage service surcharge on discharges
of SS in excess of a given concentration
(in $ per 1,000 Ibs. of SS).

LI MB The BOD concentration, in excess of which
the BOD surcharge applies (in ppm.

LI M5 The SS concentration, in excess of which the
SS surcharge applies (in ppm.

PAB

LIMB x PBOD x .0000833 The inplied remn ssion
of surcharge paynments on BOD di scharges

due to the existence of a cut-off concentration,
LI MB, bel ow which the surcharge does not

apply (in $ per 10,000 gallons flow).

PAS

It

LIMS x PSS x .0000833 The inplied remssion
of surcharge paynments on SS di scharges due
to the existence of a cut-off concentration,
LI MS, bel ow which the surcharge does not
apply (in $ per 10,000 gallons flow).

PAM

1

PFLO - PAB - PAS The net cost (in $)
of discharging an additional 10,000
gallons allowi ng for the savings due to
the rem ssion of surcharge paynents on
di scharges of BCD and SS.

PAMCD

11

max(PAM O  The net cost of discharging
flow truncated at zero.
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The inter-correlations anong these price variables are shown in
Table IV.11. It is interesting to note the (weak) negative correlation
between the paraneters of the charge systemrelative to BOD and those
relating to SS, and the relatively strong correlation of PFLOw th the
BOD price paranmeters. In view of these relationships, it is not
surprising that PAMis related positively to the BOD vari abl es and

negatively to the SS variable.

The Effect on the Volume of Sewage Di scharges

In order to exanmine the effects of the surcharge system
on the volunme of sewage di scharges we conducted two types of
analysis. In the first analysis, the dependent variable was DFLQ
the ratio of the volume of sewage discharges a few years after the
i ntroduction of the surcharge to the volune of discharges at the

time of its introduction. W first ignored the differences

in response anong different industries and regressed DFLO

on various conbinations of the price variables and SIZE using the ful
set of data. Some of the results are shown in TABLE IV.12. W woul d
expect DFLO to be a negative function of PFLO, although if the same
price on sewage flow had been in effect for sone tinme before the

i ntroduction of the surcharge there would be | ess reason for a negative
effect on DFLOin the period after the introduction of the surcharge.

In general, the coefficient of PFLO is negative, though it is affected

by the multicollinearity of PFLO with PBOD, PAB PAM and PAMOD.
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Insofar as the surcharge system provides an incentive for dilution
of wastes,the coefficients of LIMB, LIMS, PAB and PAS shoul d be positive;
insofar as it encourages firns to re-use waste water and cut back dis-
charges, these coefficients should be negative. Insofar as it has no
ef fect on sewage flows, the coefficients should be zero or insigni-
ficant. Gven that PFLO is already included as an explanatory variabl e,
the coefficients of PAM or PAMOD shoul d be negative, positive and zero,
respectively, in these cases (since they are functions of the negative
of the sum of PAB plus PAS).

The results which we have obtained tend to suggest that
there is a response to the surcharge system and that it takes
the formof a reduction in water use rather than dilution. It
shoul d al so be noted that coefficient of SIZE is uniformy positive
and significant (that is, the larger firms exhibited a greater percentage
i ncrease in sewage discharge) and stable in value despite the different
conmbi nations of price variables.

It rmust be admitted, however, that the regressions displayed in
Table IV.12 do not have very nuch explanatory power. The reason for
this may be that they aggregate firns in different industries whose
response to the surcharge may in fact, be quite heterogenous. This
hypot hesis can be tested in several ways. In a prelininary analysis,
using a subset of about 40 percent of the data, we ran regressions
on DFLO addi ng ei ght-dummy variables each taking the value 1 if the
firmbelonged to a particular industry and O ot herwi se. The results

of these regressions were discouraging; nost of the dummy variabl es had
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zero coefficients. However, this experiment is merely an explicit test
of the hypothesis that the separate industry equations have different
constant terns (i.e. different 'natural' rates of increase in sewage
flow) but the same slope coefficients (i.e. the sanme response to the
surcharge variables).

Therefore, we decided explicitly to run separate regressions of
DFLO for the observations in each of the nine industry categories. For
this purpose we chose a sinple equation in which the explanatory vari -
abl es were PFLO, PAMOD and SIZE. The results are shown in Table IV.13.
The first row of that table repeats the results obtained when the same
equation is fitted to the data aggregated over all industries. It was
unwi se to include SIZE in this experiment because it so happens that
inindustry 5 (textiles) all the firns are large and in 9 (laundries)
all the firms were classified as small. Hence in regression 5 we were
| oading a vector of 1's which were collinear with the constant term
and effectively pushed it out, and in regression 9 we were |oading a
vector of 0's which made the data matrix singular and prevented the cal -
culation of the regression coefficients for that equation

The results of the separate industry regressions are quite remarkable.
The vast inprovenment in explanatory power - even when corrected for dif-
ferences in the degrees of freedom-- shows how unwise it is to throw
firms fromdifferent industries into a common sanpl e. In the absence
of a regression equation for sector 9 it is inpossible to make a forna
test, but for any plausible assunption as to the value of the sum of

squared residuals fromthat equation one would reject the hypothesis
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Table 1V.13 REGRESSI ONS OF DFLO, SEPARATE | NDUSTRI ES

Sic I ndep. Var.
— No.
Dep. Var. Const . PFLO PAMOD Sl ZE R o8BS
1 DFLO . 0304 .49 .16 .232 .56

(1.57) (4. 96) (0. 95) (1.71) 21

2 DFLO . 0259 0. 49 -.288 .614 . 632
(1.88) (4.02) (1.37) (8.87) 23

3 DFLO . 0142 0.8 -, 47 574 . 667
(1.63) (11.43) (3.99) (10.23) 15

4 DFLO . 0544 . 799 -. 558 . 524 . 409
(2.05) (4. 95) (2.0) (3.76) 32

5 DFLO 0 -.215 .522 711 .833
(0.0) (5.83) (4.7) (6. 21) 6

6 DFLO (.0035)  -.305 . 922 .804 . 324
(0.12) (1.51) (3. 66) (3.18) 16

7 DFLO .001 3.314 -. 642 527 . 832
(0.1) (12.57) (2. 46) (6.32) 13

8 DFLO . 0533 -. 136 . 651 1.17 . 409
(2.36) (0.56) (1.64) (8.98) 23

DFLO 747 -.086 . 352 . 426 121

(9.22) (0.77) (1.93) (4.06) 190




I'V-40

that the coefficients of the individual equations are the sane as those

of the pooled regression, at the 90 percent confidence |evel. I n nost

i ndustries the coefficient of PFLOis positive and very significant.

This is somewhat surprising and requires further investigation. W

shal | suggest a possible explanation below The effect of the surcharge
systemis shown by the coefficients of PAMOD. The results

suggest that in industries 2 (dairies) 3 (canning) 4 (mscellaneous food
manufacturing) and 7 (paper) the response is dilution while in industries
5 (textiles) 6 (tobacco) and 8 (miscellaneous nanufacturing) the response
is a cut-back in water use and sewage di scharges. In industry 1 (neat
processing) there does not appear to be any response of sewage flow to the
surcharge system Finally, SIZE continues to have a significant positive
effect on the growh of sewage discharges.

The second type of analysis which we performed was an application of
the linear probability model. In this analysis, the nodel is cast in
terms of whether or not a particular event occurred--in our case
whet her sewage di scharges grew by nore than 5 percent. W create a
dependent variable,called in this case DUWLO, which takes the value 1
of the event occurred, and O otherwise. There are several techniques
for statistically explaining a dichotonmous dependent variable of this
type. One long used in biological essay is PROBIT analysis. Another
method is sinply to regress the dependent variable on the independent
variables; this is the so-called linear probability nodel. This

techni que, which has been quite frequently applied by econonists, has
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the advantage of easy conputability. But it has certain conceptual
weaknesses. In particular, the nature of the dependent variable
inplies that the regression nodel violates the assunption of honosced-
asticity. This does not bias the fitted coefficients, but it |eads
to inflated and inefficient estimtes of the variances of the coeffi-
cients, and hence to nisleadingly low "t" val ues.

This can be overconme by the application of Generalized Least Sguares
estimation, which may be thought of as ordinary least squares applied to
transformed variables, where the transformati on depends upon the vari-
ance of the random error term In practice the regression is perforned
in tw steps. In the first step, ordinary |east-squares is perforned
on the untransformed variables. The estimated residuals from this
regression are used to forman estimte of the variance of the disturbance
term The data is then transformed through nultiplication by the vector
of the inverse of the square roots of these variance estimtes and

and ordinary |east-squares is perforned on the transforned data. The
i nprovenent in performance of regression equations estimated by this

two-stage process is striking: the estimated variances of the
coefficients are often reduced by a factor of 5 or nore, and the "t"
value is correspondingly increased.
However, the linear probability nodel, does not constrain the
predicted val ues of the dependent variable to be in the range of 0
to 1. The practical inplication of this is that one may obtain a negative nunber
for the estinmated variance of the disturbance term This leads to a
variety of conputational difficulties. Unfortunately, we were not

able to obtain correct results in the linmted tine avail abl e.
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Wth this introduction we present the results of the linear probability
technique as applied to DUMFO (pool ed sanple) in Table IV.14 These results
are noderately consistent with those of Table IV.12. The coefficient of
PFLO is generally negative (a higher price produces a |ower probability
that discharges will increase nore than 5 percent), and the surcharge
variables also tend to have coefficients which inply a reduction in

sewage flows.

In the context of the linear probability nodel we can explore
a nore conplex hypothesis, known as TOBIT analysis. The purpose of this
analysis is to analyze an event in terns of both di chotonous and
continuous variables. |t answers two questions together: does a change
occur and, if so, how nmuch of change is there? Having perforned
t he preceding anal ysis one then selects only the observations for
which flow increases and regresses the ampunt of the increase (given
by DFLO) on the explanatory variables. This can be inplenented by
running a regression with the dependent variable TOBFLO, which is defined
as being equal to DFLO when DFLO exceeds 1.05 (i.e., flow increases)
and zero otherwise. The results of this regression, for the pool ed
data, are shown in Table [|V.15.

The best results with TOBFLO as dependent variable are obtained
in equation 3. This shows that, when one restricts one's attention to
the cases in which an increase in sewage discharges occurred (in excess
of 5 percent), that firmsize has no effect on the amobunt of the increase.

Further, the cost of sewerage (PFLO had a significant negative effect.
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But the surcharge system provided a significant positive incentive
to increase discharges nore (i.e., dilution). One can synthesize
the results of Tables IV.12, 14 and 15 by saying that the surcharge
system does not have a very strong effect on whether or not discharges
actual ly change, but in general, it tends to have a negative influence
(i.e., if discharges decrease, they decrease nore where the surcharge
rates are higher). However, in those cases where discharges increase
the system has a significant positive effect (they increase nore where
the surcharge rates are higher). These three analyses together inply
that the response of sewage flows to the surcharge is significantly
non-1inear.

These results all pertain to the pooled data. W also perforned
the linear probability analysis on the data for separate industries--
the results are shown in Table IV.16. These results again show the
het erogeneity of industry responses and, as in all the remaining anal yses,
one can formally reject the assunption of honbgeneous regression coefficients
for all industries at the 90% confidence level. In this and the other
applications of the linear probability nodel we elimnated industry 5
(textiles) because of the very small nunmber of observations, and included
it in 8 (mscellaneous manufacturing).

In these equations the regression coefficients strongly confirm
our a priori expectations. The coefficients of PFLO are generally
negative--a higher sewage flow charge leads to a smaller probability
that sewage flows will increase. The coefficients of PAMOD generally
support the findings of the regressions in Table IV.13 as to which

i ndustries respond by cutting back sewage flows and which respond by dilution
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TABLE |V.16 REGRESSI ONS OF DUMFLO SEPARATE | NDUSTRI ES

| NDEP. VAR _2
sic CONST. PFLO PAMOD R #0BS
DEP. VAR
1 DUMFLO .585 -. 266 .624 . 036
(3.75) (1. 46) (1.84) 21
2 DUMFLO . 951 - . 457 379 . 262
(8.63) (2. 4) (1.2) 23
3 DUMFLO 413 -.0122 -. 0092 . 000
(2. 49) (. 05) (0.03) 15
4 DUMFLO . 354 -.1066 . 4975 .07
(3.2) (0.64) (1.98) 32
6 DUMFLO .62 . 0159 -. 167 .00
(2.13) (0. 09) (0.81) 16
7 DUMFLO -. 627 4.925 -2. 475 111
(0.91) (2.15) (2.39) 13
8 DUMFLO . 398 -. 2609 0. 465 .003
(3.86) (1.39) (1.47) 29
9 DUMFLO .319 . 1244 -. 2485 . 000
(3.35) (1.13) (1.3) 41
DUMFLO .524 -. 109 0.1185 .007 190

(12. 16) (1.93) (1.36)



